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@) Gene detection method. 



A single stranded nucleic acid probe having a base sequence complementary to the gene to be 
detected is immobilized onto the surface of an electrode or the tip of an optical fiber, and the nudeic 
probe is reacted with the gene sample denatured to a single stranded form, and then the nudeic acid 
probe hybridized with the gene is detected In this procedure, to the reaction system consisting of the 
nudeic acid probe and the gene sample, a double stranded nudeic acid recognizing substance capable 
of binding specifically to the double stranded nudeic add and being active electrochemically or 
optically is added. The detection of the nudeic add probe is conducted by electrochemical or optical 
determination utilizing the electrode or optical fiber mentioned above. By this method, safer and more 
convenient detection of the gene is possible at a higher sensitivity even in a reduced time period. 
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This invention rotates to a novel gene detection method to detect a certain gene specifically and a device 
for such detection, 

A genetic information stored in DNA is expressed as a protein or an enzyme through mRNA. By the effects 
of such protein or enzyme, various compounds necessary to maintain the vital actions are biosynthesced and 
metabolized. Thus a life is present as a dynamic equilibrium system of various substances controlled by genes. 

There are 50 to 100 thousands of human genes. When some of them involve abnormality or change, such 
as defect or duplication, the characteristics, types and amounts of the proteins synthesized are changed, result- 
ing in the poorly balanced biosystem, which may cause diseases. Thus, by detecting known pathogenic genes, 
the diseases may be identified or prevented Such diagnosis based on the genes themselves has been 
developed as a results of the recently advancing technology of gene engineering, and is called as gene diag- 
nosis. 

When compared with conventional diagnostic methods, the gene diagnosis has characteristics as men- 
tioned below. 

Considering the mechanisms of gene expression, it can be presumed that changes in genes occur prior 
to almost all biochemical changes. Therefore, gene diagnosis by means of detecting the genetic change 
enables the diagnosis or prognosis prior to development of a disease which is one of phenotypes. Accordingly, 
the dignosis and prognosis can be conducted before the development, in the latent period or at the earliest 
stage of the disease. This is the primary characteristic. As the secondary characteristic gene diagnosis relating 
to the genetic diseases is independent from the organs or tissues to be analyzed since all genes in a living 
body are the same. This is particularly important in the diagnosis in fetus. Thus, this secondary characteristic 
enables the diagnosis simply by sampling amniotic fluid from a pregnant woman and analyzing the fetal cells 
suspending in the amniotic fluid. 

Procedure of gene diagnosis conventionally employed is summarized as follows. 

Genes are extracted from a samples and cleaved, if necessary, by appropriate restriction enzymes, and 
then subjected to electrophoresis and southern blotting. Then a nucleic acid probe (usually radiolabeled) hav- 
ing the base sequence complementary to the gene to be detected is hybridized to the blotted gene. Subse- 
quently, the hybridized nucleic acid probe is detected by exposing an X-ray fDm to the radiation emitted from 
the labeled probe at lower temperature to confirm the presence of the gene. 

The conventional detection method mentioned above involves the limitation of the place of diagnosis due 
to the use of radioisotopes and should be conducted with sufficient care of handling reagents. For the purpose 
of reducing such inconvenience, safe labeling agents substituting the radioisotopes are being developed and 
several detection methods, in which probes are utiized, such as avidin-biotin bond method or enzymatic or 
fluorescent method and the like have already been suggested. However, these methods can not achieve the 
sensitivity superior to that of the method using radioisotopes. They also involve the problems of the time period 
required to detecting the gene as long as 2 or 3 days as well as complicated procedure of determination. 

On the other hand, quantification of a certain antigen or antibody present in a sample generally employs 
radioimmunoassay (R1A). However. RIA requires special instruments and authorized operators therefor oath- 
able of handling radioisotopes since this method also employs radioisotopes similarly as in the gene diagnosis 
methods mentioned above. In addition, waste disposal in this method should be done with particular care. As 
one of the other analytic methods, Immunoelectrophoresis, which requires a long period for determination and 
has a poor sensitivity, can be suggested, although this method is not applicable in case of the samples con- 
taining only trace amount of test substance. 

An objective of the present invention is to provide a method which is excellent in safety and convenience 
and is capable of detecting a certain gene at a high sensitivity in a reduced time period. 

Accordingly, the gene detection method of the present Invention is the method wherein a single stranded 
nucleic acid probe having a base sequence complementary to the gene to be detected is reacted with a gene 
sample denatured into a single stranded form and then the nudeic acid probe hybridized with the gene is detec- 
ted to confirm the presence of the gene, characterized in that 

the nucleic acid probe is immobilized onto a carrier sensitive to a physical change; 

a double stranded nucleic acid recognizing substance capable of binding specifically to a double stranded 
nucleic acid and being active physicochemically is added to the reaction system of the nucleic acid probe and 
the gene sample; and, 

the double stranded nudeic add recognizing substance bound to the double stranded nudeic acid formed 
by conjugation of the nudeic add probe and the gene to be detected is detected by means of physicochemical 
determination using the carrier, whereby detecting the presence of the nudeic acid probe hybridized with the 
gene to be detected. 

Another object of the present invention is to provide a gene detection device which is excellent in safety 
and convenience and is capable of detecting a certain gene at a high sensitivity in a reduced time period. 
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Accordingly, the gene detection device of the present invention is the device comprising: 
a gene detection sensor having a nucleic acid probe immobilized onto the surface of a carrier sensitive to 
a physical change; 

a transportation means to transport the gene detection sensor; 

a reaction bath to store a sample solution containing the gene sample denatured into a single stranded 
foim, a double stranded nucleic acid being formed in said reaction bath on the gene sensor by hybridization 
of the gene sample and the nucleic acid probe immobBized on the surface of the gene sensor; 

a temperature control means to control the temperature of the sample solution; 

a washing means to remove unreacted gene sample by washing the gene sensor after hybridization of the 
nudeic acid probe with the gene sample; and 

a detection bath to stores double stranded nudeic add recognizing substance, the double stranded nudeic 
add recognizing substance being reacted with the double stranded nudeic add formed on the surface of the 
gene sensor in said detection bath, whereby binding the double stranded nudeic acid recognizing substance 
with (he double stranded nudeic add in order to detect a physical change generated by the bound double stran- 
ded nudeic acid recognizing substance. 

This invention can be more fully understood from the following detailed description when taken in conjunc- 
tion with the accompanying drawings, in which: 

Fig. 1 shows a diagram schematically representing an example of the automatic gene detection device 
according to the present invention. 

J Fi9 :^! how3 8 perep8ctivB «ewof another embodiment of the reaction bath and a gene sample purification 
device of the present automatic gene detection device shown in Fig. 1 . 

Fig- 3 shows a perspective view of an example of the temperature controller in the present automatic gene 
detection device shown in Fig. 1. 

Fig. .4 shows a diagram schematically representing an example of the present automatic gene detection 
device utilizing electrochemauminescene. 

In the present invention, the term -double stranded nudeicacid recognizing substance- means a substance 
which recognizes and binds specifically to a double stranded nudeic add. Such substances are, for example 
intercalating agents and blopofymers capable of recognizing double stranded nudeic add 

The intercalating agents are characterized by their tendency to Intercalate specifically to double stranded 
nudeic acd such as double stranded DNA. These intercalating agents have in their molecules a flat intercalat- 
ing group such as phenyl group, which intercalates between the base pairs of the double stranded nudeic add 
whereby binding to the double stranded nudeic add. Most of the intercalating agents are optically active and 

^^rr^ n ^ a ? Ca ^ ntilnudeiGackl8 - Certain intercalanngagenteexhibfteleclroderesponse. 
Therefore determinate 

the intercalating agents bound to a double stranded nudeic acid. 

r^ZT^T^lZ •° Pti f!! ly aCtiVe intercalatin9 U8eful <n the present invention are. but are not 

Zt^^^ 6 ^ n^^ 6 ' acridineorange. proflavin. ellipticine. actinomy- 

SlLf^ ^ ' T?"? ° 8nd *• ,0ce - ° th8r intonating agents which are useful are those listed in 
Published Japanese Patent Application No. 62-282599. 

re a l^SJ?f^ nt T al i n9 8 ? entS m reverelb,y themselves during oxidatiorweduction 

ZT^'S* 1 above ' *• d aterm-nation of electrochemical change using an electrode may employ a metal 
c^pl««nte.n.ngasa^ 

7T*'2!F? interCa,ater - 8uBh mete "° '^^toreindudefc^examptetriscphena^^ 
fohen^in^T'" 8 l"?r iUm ^ WS <P henanthro ""a) cobalt salt, di (phenthroline) zinc salt, d 
frhenanuirdine) n.tt,enium salt. dl(phenanthroline) cobalt salt. bipyrldir« cobalt salt, terpyridlne platinum salt. 

2S Z!? 'h 40 °T ,i8,ed abOVe> *' """P 1 *™ ^ °' ^ose center metals have oxWaZ 
reduction potentate not lower than or covered by that of nudeic adds are less preferable 

rea J 0 77b?^S a ? nfl C3pab,e « und «* oinQ electrochemical reversible oxidation^eduction 

duct potentel scanning several to several hundreds times and to sum up the values off me signals obtained 
whereby enabihgjje edification of me signals, resulting in a higher sensHMy of^e de«X 

el JZLT ? 9 teC f 0n * me 98ne U8in 9 an « eM °- an intercalating agent exhibiting 
t^Zt I T™* may 8,80 * ""toy**- Such intercalating agents are. but are not limited to for 
««mp e^ lummol. lucigenin, pyrene. diphenylanthracene and rubrene. The eledrochemiuminescene S the 
nte^atmgagentelistedabovernay be enhance by th^ 

lucrfenn and dihydrduciferin. phends such a. phenyl phenol and chlorophene. as weZ r^S ' 
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Optical signals generated by the electrochemiluminescence may directly be detected from the solution 
using, for example, photocopier. Alternatively, an optical fiber electrode produced by forming a transparent 
electrode at the tip of an optical fiber may also be used to detect the signal Indirectly. 

Since the electrode reaction or change in optical signal occur exclusively on the surface of the carrier, the 
5 detection can be conducted quite easily without removing unreacted probe or unreacted intercalating agent 

In the present invention, reaction of nucleic acid probe and the single stranded gene sample is generally 
conducted in a solution. Such reaction may be conducted in the presence of the intercalating agents listed 
above or the intercalating agents may be added after completion of the reaction. 

As mentioned above, since most of the intercalating agents have themselves the optical activity or can 
10 exhibit the electrode response, direct determination Is possible by means of optical or electrochemical pro- 
cedure. When these Intercalating agents are further bound with the substances which generate signals capable 
of being detected directly or indirectly, higher detection sensitivity can be obtained by determining the signals 
combined with the singles from the intercalating agents. 

These substances which generate signals capable of being detected directly or indirectly include, for 
15 example, haptens such as biotin, trinitrobenzene sulfonic add and dinHrobenzene sulfonic acid, fluorescent 
substances such as fluorescein isothiocyanate (FITC), phycocyanin and rhodamine, luminescent substances 
such as luminol, lucigenin and acridium ester derivatives as well as electrode active substances such as fer- 
rocene and viofogen. When using the substance, from which the signal can not directly being detected, such 
as the haptens listed above, enzyme-labelled anti-hapten antibodies such as enzyme-labelled avidin are used 
20 to determine the optical parameters such as absorbance, fluorescene, luminescene, quenching, circular dic- 
hroism and fluorescene polarization or, electrode activity is determined, whereby indirectly detecting the gene. 

Although one molecule of these substances are usually bound to one molecule of a intercalating agent, 
several molecules of these substance may be bound to one molecule of the intercalating agent, whereby 
enhancing the sensitivity. 

25 On the other hand, some biopoiymers recognize and bind specifically to a double stranded nucleic add. 
Accordingly, by labeling these biopoiymers or the substances recognizing them with enzyme, fluorescent or 
luminescent substance and determining the electrochemical or optical change caused by the label to know the 
presence of the biopoiymers, the detection of the double stranded nucleic add may be possible. 

Such biopoiymers include, but are not limited to, DNA-binding proteins such as anti-DNA antibody, Crop- 

30 rotein, d repressor, E. cofl CRP (cAMP receptor protein) and lactose operon repressor and enzymes such as 
RNase H without catalyst activity. The biopoiymers mentioned above may be derived from living bodies or may 
be synthesized. 

Enzymes as labels to be bound to the biopoiymers mentioned above are, but are not limited to, alkaline 
phosphatase, peroxidase, beta-galactosidase and glucose oxidase. 
35 When detecting the electrochemical change using the biopoiymers mentioned above, NADH in NAD- 
+/NADH cyde and quinone in catechoi/quinone cyde may be used. Thus, NADH or quinone formed by enzyme 
bound to a biopdymer may be oxidized or reduced by an electrode and the electrochemical change may be 
determined. Other substances involved in such electrochemical oxidation-reduction reaction may also be 
employed. 

40 When detecting the optical change using the biopoiymers mentioned above, an enzyme is bound to a 
biopolymer and a chemical luminescent substrate is used to conduct enzymatic reaction, or a fluorescent sub- 
stance is bound to a biopdymer and the luminescene is directly detected. Chemical luminescent substrates 
useful in the present invention may be, but are not limited to, lumind, isoluminol, isoluminol derivatives and 
acrldlnium derivatives. When using the chemical luminescent substrates, enhancers can be used to enhance 

45 the chemical luminescence. Such enhancers may be, but are not limited to, luciferln derivatives such as firefly 
luctferin and dehydrduciferin, phenols such as phenyl phend and chlorophenol as well as naphthoic Fluores- 
cent substances useful in the present invention may be, but are not limited to, fluorescein, rhodamine and 
phycocyanin. 

The amount of the double stranded nudeic add recognizing substance to be added is not particularly sped- 
so fied, although the amounts suffident to bind all double strands formed are preferable in view of the efficiency. 
When added in an excess amount, the double stranded nudeic add recognizing substance remaining unreac- 
ted are washed off prior to the determination. 

When the amount of the double stranded nudeic add recognizing substance added is small and the con- 
centration of it is low, only small amount of the unreacted recognizing substance remains in the system after 
55 the recognizing substance has bound to the double stranded nudeic acid formed. Thus, the double stranded 
nudeic add recognizing substance is relatively concentrated on the carrier. In such state, the gene can be 
detected without washing off the sample DNA which has not reacted with the nudeic add probe or free double 
stranded nudeic add recognizing substance which has not bound to the double stranded nudeic add formed, 
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whemby enabling the continuous reactions from hybridization through detection of the gene intended in a single 
system. 

In the present invention, by varying the nucleic acid probe employed, various types of genes can be detec- 
ted. Nucleic add probes useful are such probes that have the base sequences complementary to entire or a 
* part of base sequence of any of microorganisms contained in foods, plant viruses orviroids. pathogenic rrdcro- 
oganems orvmises infecting fishes, pathogenic microorganisms or viruses infecting human and causing infec- 
txws dteeasea, genes causing genetic diseases, activated proto-oncogenes and minisatellite sequence. 

When using as a nudeic add probe a probe having the base sequence complementary to entire or a part 
of Debase sequence of a microorganism contained in a food, the microorganism contained in the food can 
10 directly be detected, thus enabling the food sanitary Inspection. Such microorganisms contained In foods are. 
for example, pathogenic Escherichia coll. Staphylococcus as wed as Salmonella 

When using as a nudeic acid probe a probe having the base sequence complementary to entire or a part 

l^l aS ^ 8eqUe T J P !T VinJS " vW * the P ,art virus or viroid with which plants are infected can be 
detected, thus enabling the infection diagnosis in agricultural fields. Examples of such plant viruses or viroids 
is include tobacco mosaic virus and cauliflower mosaic virus. 

When using as a nudeic acid probe a probe having the base sequence complementary to entire or a part 
t a H°mf? 8 pa *°9 enic ™ i <™°rganism or virus infecting fishes, the pathogenic microorganism 
^Z^^^ d " n deteCtBd - *»* onabli "9 the infection diagnosis in fishery field. 

Examples of such pathogenic microorganisms or viruses infecting fishes are pathogenic vibrio. 

30 «r J^ 8 " M 8 " Ud8iC 8CW PTObe a t™** 3 havi "9 m8 °*» sequence complementary to entire or a part 
S L qU8n ^ P ^ 1 ° 9enic ^crooroanism or virus infecting human and causing infectious diseases, 
OSS! £ ™ ttf «*°° diaBnos »- microorganisms irrfectrrTg human and causJJ 

m^S hf T* ** . eXamP,e * Path09BnlC s *V*°°occus. Mycoplasma. Clostridium. Chlamydia. Sa! 
monella, herpes simplex and cytomegalovirus. 

ftfH T e " U8ing 88 8 " udeic add P»»» a Probe having the base sequence complementary to entire or a part 
of the base sequence of a gene causing a genetic disease, direct assay of the genetic disease is possible Such 

IZ^ST^ ** ^ adeno8,ne deaminase d^Lncy^S 

«f *HL e r "f!? 88 8 ^ de,C 8CW Pmbe 8 P"* 6 havi "9 the 5386 sequence complementary to entire or a part 
11 ^™ nC8 a " T"*" prot ^ nc °9 efle - * « to conduct the cancer diagnosis. Such Z 

ShaT arB> eX8mple ' ° nc °S en8s listed i" "Oncogene data book- (M. Shibuva, Pub. by Shu- 

of th^?" 9 88 8 ^ d8iC 8dd Pr0be 8 PTObe havina tne *** **l u * n <» complementary to entire or a part 
St^^ DNAfinger printmethod useful for genebc studies, JSS 

Kfentrficabon and parentage test can be conducted. Such minisatellite sequences are. for example Myo sequ- 
ence. Atu sequence, Per-6 sequence and Per sequence. example. Myo sequ- 

ziJ^n!!!!!* le , n9 * nUClelC 8Cia Pf0be U8ed in me P™*"* '"vention is not particularly specified and 

lX5S2f » !' C aC, ' S , COnSi8tin9 ° f8evera,to monomers may be employed, the ie^hs cT 

Sin ZL^" tT? 1888 tha " 8 hundred monomere 8re Parable in order to Increase S/nSo^ 
to obtain higher sensitivity in view of the fact describe below 

CK 1 nr^ r n1lT ti0^e i , V 0UM ' nUCleic reco 9 n *"9 substance is such a substance that rec- 

edes and binds specrfically to a double stranded nudeic add. However, the double stranded nudeic aS 

ted3e te 9 a^ 

.„ ™ h ^ irnrn obilized on a carrier. When ft binds In such a manner. S/N ratio is reduced resulting 
far^e^ 

strarL h e S d d n^ n fl ^ 9eneS ? * ' abelin9 " Udeic acid probe in ■*«■" to using the double 

ZTulZcZlll reC T' Z,n9 SU . bSt8nCe mentfoned above - ««ch cases, the labels to be used to label 

!°*r»L ^ u Stranded nude,c aad recognizing substance and then a detectable signal is generated from 

1ST t,™ 98nerat8d Whe " *• nudeic 8dd te 8ffll P^nt as a single strand and which is once me 
probe reacts with the intended gene to form a double strand to which then the dTbte^Zded nudTaS 

SSST" 8U ^ 8nCe Dlnd8 ' *" 98neratBd f ° r "» firet detection of tj mSESESS 

^ re «o iutt 8Cid ^ m8y ta VSried ■»»"•*■"■ « *• -ouble stTndTnudete 

SpTS 9 ? 9 8ubstance em P toved and may be. for example, fluorescent substances such as rhodamine^ 
and F.TC. luminescent substances such as luminoi and acridinium ester derivatives a^ilas Z£!Z2i 
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enzyme substrates. The double stranded nucleic acid recognizing substances may not be particularly specified 
and any of the substances listed above may be employed. 

In the present invention, a nucleic acid probe is irrenobDized onto a carrier sensitive to a physical change 
as mentioned above. Although an electrode or optical fiber is preferably employed as the carrierfbr immobilizing 
5 the nucleic acid probe, other canter such as photodiode, thermistor, ISFET, MOSFET, piezo elements, surface 
acoustic wave elements, quartz oscillator may also be employed. 

The electrodes employed in the present invention may be, but are not limited to, carbon electrodes such 
as graphite, glassy carbon, pyrolytic graphite, carbon paste and carbon fiber, noble metal electrodes such as 
platinum, platinum black, gold, palladium and rhodium, oxide electrodes such as titanium oxide, tin oxide, man- 
to ganese oxide and lead oxide, semiconductor electrodes such as SI, Ge, ZnO, CdS, HO2 and GaAs, as well as 
titanium. These electrodes may also be covered with conductive polymers to enhance the stability of the elec- 
trodes immobilized with probes. MonomoJecuiar films may also be employed to cover the electrodes. 

The nucleic acid probes may be immobilized onto the surfaces of the carriers such as electrodes and optical 
fibers by means of covalent bond, ionic bond and physical adsorption. 
15 The examples of the procedure for the immobilization by means of covalent bond are the method in which 
the surface of the carrier is activated and then the nucleic acid probe is immobiized directly or indirectly through 
crosslinking agent and the method in which an active functional group is introduced into the nudeic acid probe 
to be immobilized onto the carrier followed by direct or indirect immobilization. The activation of the carrier sur- 
face may be conducted by electrolytic oxidation in the presence of oxidizing agent or by air oxidation or reagent 
20 oxidation, as well as by covering with a fflm. Useful crosslinking agents may be. but are not limited to, sDane 
couplers such as cyanogen bromide and gamma-aminopropyl triethoxy sBane, carbodiimide and thionyi 
chloride and the like. Useful functional groups to be introduced to the nucleic acid probe may be, but are not 
limited to, amino group, carboxyl group, hydroxy! group, carbonyl group, phosphate group, aldehyde group and 
mercaptp group. Other highly reactive functional groups may also be employed. 
25 Once the surface of the carrier is oxidized for activation, an oxidized layer is formed on the surface. The 
nucleic acid probe binds to the substrate via this oxidized layer. By forming a thinner oxidized layer, S/N ration 
of detecting the gene is improved. The thickness of the oxidized layer is preferably not more than 500 A, more 
preferably not more than 1 00 A. 

introduction of the functional group into the terminal of the nucleic acid can be conducted by means of 
30 enzymatic reaction or by using DNA synthesizer. The enzymes useful in the enzymatic reaction may be, for 
example, terminal deoxynudeotidyf transferase, poly A polymerase, polynudeotide kinase, DNA polymerase, 
polynudeotide adenytyl transferase and RNA ligase. Polymerase chain reaction method (PGR method), nick 
translation method and random primer method may also be employed to introduce the functional group. 
The functional group may be introduced to any part of the nudeic acid, such as 3' or 5' terminal, as well 
35 as a site randomly selected. 

The nudeic add probe with the functional group introduced may be immobilized as it is onto the carrier by 
immobilization reaction. However, the amino add originally comprised in the nudeic acid may sometimes serve 
as a functional group instead of the functional group introduced, since the nudeic add probe is a single strand. 
Thus the amino add originally comprised in the nucleic add is used for immobilization of the probe to the carrier, 
40 which affects the sensitivity. 

The immobilization via the amino acid originally comprised in the nudeic add probe may be prevented by, 
for example, the method as follows. First, the nudeic acid probe to which the functional group has been intro- 
duced is annealed with the DNA chain having the base sequence complementary to the probe to obtain a double 
strand. Then the functional group introduced is used to Immobilize the double stranded nudeic add to the car- 
45 rier. Subsequently, thermal denaturatton Is conducted toformasinglestrand, whereby removing the DNAchain 
to which the functional group has not been introduced. The temperature during the thermal denaturation may 
usually be maintained from 90 to 98°C. 

When the carrier to be used for immobilization of the nudeic add probe is an electrode, the nudeic acid 
probe can be immobilized easiy at a higher efficiency by utilizing physical adsorption. The physical adsorption 
50 of the nudeic add probe onto the electrode surface can be conducted, for example, as follows. First, the elec- 
trode surface is washed with distilled water and alcohol using ultrasonic deaner. Then the electrode is placed 
in the phosphate buffer (pH 7.0) containing the nudeic add probe to adsorb the probe onto the surface of the 
substrate. During this procedure, potential of 0 to +1.0 V, preferably 0 to +0.1 V is applied to the electrode to 
accelerate the adsorption. Then the electrode having the nudeic acid adsorbed is placed in the solution con- 
55 taining nucleotides (ATP, CTP, GTP, TTP, dATP, dCTP, dGTP. dTTP and the like), and the electrode surface 
is coated with the nudeotides preferably whie applying the potential of 0 to 1.0V. By this treatment non-spedfic 
adsorption of the sample nudeic add or double stranded nudeic acid recognizing recognizing substance to 
the electrode surface can be prevented. Non-specific adsorption may also be prevented by using surfactants, 
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fatty acids or fats. 

The nudeic acid probe may also be immobilized to the earner using a embedding agent used in the embed- 
ding method known as a procedure to immobilize the enzyme. The embedding agents useful in the present 
invention may be, but are not limited to, poiyvinyichloride and poiyactylamide. 

The nudeic acid probe may also be immobilized onto the electrode surface via a fim. Such films may be 
for example, conductive polymers such as polyacethylene, polypynole. poiyttiiophene and polyaniline as well 
as pdyethyiene, polypropylene, poly <vinylchloride), poly (vinyl alcohol), poly (methylmethacrylato), poly (vi- 
nyWdene fluoride), cellulose and lipid membrane. Monomdecular layer such as LB membrane and a multiple 
layer consisting of two or more monomolecular layers may also be employed. 

Immobilization of the nudeic add to the film or the membrane may be conducted in the manner similar to 
that used for the bnmobfltzation onto the surface of the carrier. 

When the nudeic add probe is Immobilized to the flm or the membrane by means of covaient bond, a func 
bonal group may be introduced to the film or the membrane instead of the nudeic acid probe. The functional 
groups suitable to be introduced into the film or the membrane may be same to those introduced into the nudeic 
acid probe. By introdudng the functional group into the film or the membrane followed by reacting the nudeic 
add proba ta effect the immobilization, the probe can be immobilized at a higher density and more stably 
tmrnobiHzed earner with nudeic acid probe can be obtained when compared to the immobBization by introdudng 
the functional group into the nudeic add probe. 

When the carrier to which the nudeic add probe is immobilized via the film or the membrane is an electrode, 

n/SZZSS? T^f 8 W™*** Be above while determining the membrane potentials before 

and after hybridization, whereby detecting the presence of the intended gene 

A carrier having the nudeic acid probe immobilized, when used as it is, tends to exhibit non-specific physical 
adsorptoncaused by a sample nudeic add and a double stranded nudeic acid recognizing substance. Such 
non-specfc adsorption may cause a reduced sensitivity. It can be suppressed by covering the carrier surface 
wrththe nude,cacid by means of physical adsorption or chemical bond after immobilization of the nudeic acid 

cJ° r !J! 8 PUr !° 8e ' f* nudelC ac,ds to to U8ed to 406 ««fece of the carrier are, for example, nudeo- 
ad f n ° Slne ; i thymidine ' 8"anosine and cyUdlne. nucleotides such as uridylicadd. cytidyllc add. 
adenylte acid and guanyllc add. synthetic digonudeotJde as well as naturally derived DMA such^ salmon 

sperm una, 

lim Z M ^ ' e " 9th and ^l 6888 8equenC8 of nudeic acid used to cover the surface of the carrier are not 

T^f Z^ Y I* ^ d °"° tCaU8e th6 ""a*" "» nudeic ac * probe immobilized on the sur- 
face of the earner, a single stranded or double stranded nudeic add of 1 to 100 bp is preferable 

fa JSrS^J ? 72" T 8180 * "'PP""** °y «»«ng the carrier with the substances such as sur- 
factants, fatty acids and fats. An example of such substance is stearyiamine. 

add n n mh!,^!l < i teCti0n * Dresent invenfion ' *e methods of immobilizing the nudeic 

lizingbK)pdymerssuch as proteins to solid phases may widely be employed. 

a More? ZZ! 22! H PrObet0be immobili ** to carrier is not particularly limited, although 

I STi 2 . "* P,Dbe immobi,izod resul «8 a higher sensitivity of the detection, namely 
higher * " *~ *«' Pmbe te * *. order of amoS Z 

T 'l e "" deicacid P ro »>e immobilized to a carrier especially to an electrode or optical fiber surface can be 

an oxldatloweduction current or an optical signal of an electrochemlcally or optically active substencewSS 
binds ^specifically to £ single stranded nudeic acid. Thus, when the airier is an JL^JTSTSS 
Z ^T Z"Z *° nUCie ' Kadd 0,0,8 Predating agent is determined usin^mea^merC- 

potenfostet - taota generator, recorder and computer to quanSZ nudet 

agent bound to me nudeic acid, such asabsorbance, fluorescence, luminescence, quenching drcuiar 
Zit^IFl? , ^ !!! aC,d immoW,ized - B V usi "9 these methods, it is possible to quantify the nudefc 
Th^! co " ventl0na, methods which are quite complicated since the nudeic add Hself has no activity 

zszzszzr *™ 0,0 nudeic add ^ 66 - ^—on «tra 

the fl oLZ^esu^ n ^"°I, an " rot3t0r to thB irnmob"^ with the nudeic add probe, 

the flow near the surface of the earner can relatively be increased, whereby facilitating the htbridization reaction 
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and inhibiting the nonspecific reaction, providing higher efficiency of the gene detection. The function of oscil- 
lator can be imparted to the carrier by utilizing mechanical oscillation, ultrasonic wave or electric or magnetic 
action. 

As test samples, blood such as peripheral venous blood, leukocyte, serum, urine, feces, semen, saliva, 
cultured cell, tissue cells such as cells from various organs and other materials containing nudeic acids may 
be employed. 

Although the extraction of nucleic adds from a test sample is conducted according to the conventional 
method, the double stranded nucleic acid recognizing substance mentioned above can be used for extraction 
and purification following the procedure described below. 

First, the double stranded nucleic acid recognizing substance is immobilized to an appropriate support, 
which is then mixed with a test sample. The cells contained in the test sample is ruptured to release the nucleic 
acid, which is then bound to the double stranded nucleic acid recognizing substance. Subsequently, the support 
is separated from the test sample and the nucleic acid bound to the double stranded nudeic acid recognizing 
substance is separated from the support 

The supports useful herein may be, but are not limited to, pdymer supports such as latex, polyethylene, 
polystyrene, and polypropylene, carbon materials such as activated carbon, metal particulates, ceramic mate- 
rials, and magnetic materials such as magnetites, samarium-cobalt and ferrite. The forms of the supports are 
not particularly limited, but a partide whose size is within the range from 0.1 to 1000 pm, particularly from 1 to 
100 iim, is preferable. 

The cells contained in the test samples may be ruptured according to the standard method. For example, 
the support is agitated by means of the external force such as shaking or applying ultrasonic wave. Nudeic 
add eiuate may also be employed to release the nudeic acid from the cells. Such nudeic add eiuates are, for 
example, the solutions contianing surfactants such as SDS, Trfton-X and Tween-20, and the solutions contain- 
ing saponin, EDTA or proteases. When these solutions are used to release the nudeic acid, incubation at a 
temperature not lower than 37°C may serve to facilitate the reaction. 

After binding the nudeic acid to the double stranded nudeic add recognizing substance immobilized to 
the support, the support is separated from the test sample by an appropriate means. The support which has 
been separated is first washed with a washing fluid (low salt concentration) to remove the unnecessary com- 
ponents, and then with a nudeic acid eiuate (high salt concentration) to release the nudeic add into the solution. 
When an intercalating agent is used as the double stranded nudeic acid recognizing agent, a non-polar organic 
solvent is used as the nudeic add eiuate. 

When a magnetic partide is used to the support, agitation and separation of the support can conveniently 
be conducted by using external magnetic action which enables easier and rapid procedure. 

When the content of the intended gene is quite small, the detection may also be conducted after amplifi- 
cation of the gene according to a known method. Representative gene amplification methods are methods utili- 
zing enzymes, such as polymerase chain reaction (PCR) method. The enzymes useful in the gene amplification 
method may be, for example, DMA-dependent DNA poiymerazea such as DNA polymerase and Taq pdymer- 
ase, DNA-dependent RNA polymerazes such as RNA polymerase 1, RNA-dependent RNA polymerazes such 
as Q beta replicase. Among methods using these enzymes, PCR method using Taq polymerase is a quite con- 
venient method wherein the amplification can be repeated continuously only by controlling the temperature. 

The samples thus obtained (course extract of nudeic add, or purified solution of nudeic acid) are thermally 
denaturated at a temperature form 90 to 98°C, preferably not lower than 95°C to prepare single strands. Then 
an electrode immobflized with nudeic add probe or an optical fiber immobilized with nudeic add probe is placed 
in the solution of the single stranded nudeic add and hybridized at a temperature from 37 to 72°C. The optimum 
temperature for hybridization varies depending on the factors such as the base sequence and the length of the 
probe employed. 

In such cases, the reaction rate is generally less satisfactory than in the case of the reaction in solution, 
since the hybridization reaction proceeds in a sdid phase. However, this problem can be eliminated when using 
an electrode immobflized with the nudeic add probe by applying a potential to the electrode surface before 
and/or during the hybridization radion to accelerate the reaction. The potential to be applied is preferably a 
positive potential, or a positive and negative potentials are alternatively applied. Such potential is applied con- 
tinuously or intermittently as pulse. Preferably the potential applied is within the range from 0 to ±2.0 V. 

Upon hybridization, unreacted nudeic acid may adsorb norvspecifically to the electrode surface in addition 
to the intended gene bound to the nudeic acid probe. Such non-specific adsorption may reduce the S/N ratio 
of the gene detection. Usually the nudeic add is negatively charged. Therefore the nudeic add non-specifically 
adsorbed can be removed by applying the negative potential to the electrode. For this purpose, the potential 
to be applied is within the range from 0 to 2.0 V, preferably 0 to 1.5 V. 

The double stranded nudeic add recognizing substance may be added to the test sample either before or 
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^^i^n^l^ t T^ y • a J t0,UB ° n double <rtranded nucteic add ««»gnlzing substance may 
T^lTSZ!^' ^ ° amd0 ° r optica ' fiber ^Mired with the nudeic add probe may be 

2.^if^l2S2S? ,0 !I* m ^ rtoftho douWeslranded nucleic add recognizing substances ate positively 
fSSlnl^^ ad8 ° rPh0 "° f the «««nizing substance to the carrier can be suppressed by applying 
positive potential in the cases where the carrier is an electrode. 

S^Zln J? nUd9iC Sdd to 8l8Ctrode can 1,6 obtained ""Icusively "P°n occurrence 

l^f^iTr 8 '!! 3 " eJeCtnX,e "n™ 1 *** with a nudeic add probe, a measurement system con- 
9 generator and recorder may be used. Once the potential is set approximately 

£ ^^^^ ° fth8 ,nterca,atln 9 ^ *• P°*n«al is scanned. During the^nning 
the oxIdatiorHBductton current is determined to quantify the gene to be detected. This electrochemical deter- 
MmXbTscXe^ 6 eiedroryte solutions. It may also be done In hydrophflic or 

t»^^nl™TT ^ i r m ° bDi2ed 8 nud8ic probe, the gene to be detected is quantified 

s^h^ 

^Jl^rSTitr 9 T^iHf 1 Pr ° be immobilized to a carrier having a function of detecting signals. 

S?ent StSn^n^^^^" 12 ? *• nUCtefc *** ^ 88 mentioned above. era useful 
ZH^ZfOT* 80n f rS - ln ° rdertouse devices as gene detecting sensors repeatedly, it is requked 

W 5 I< ^; bee " m8 P""* *™> bilized - Dis^ciation oftheTanS 

S tll^ZZZ? "tT* by treatmentS with "«* ^ acids, surfactants or ultrasonic wave. The 
. ~ L f!2 ^° ne ^ heabn9 0,8 dOUb,e stranded nudeic ackl formed at 98'C for 5 minutes to denat- 

Js ^l^ir' acid followed by rapid cooling, Akaline treatment employs a buffTso^onlf 
pH 8.5 or, higher or sfrong base solutions, whfle acid treatment employs a buffer solution of pH 4.5 or lower or 
9 w T* 0 "- ^ ""to*** 8 U88d *° **tmant with surfactants may be. but are nWlim^a toZnZ 

b preferably 0.1 % or higher. Ultrasonic treatment can be conducted by treating the sample for several seconds 
to several minutes with the ultrasonic wave having the frequency from 10 to 100 ki-T 

^lVr^ 0 IIJ!^ 0dS °' 0,8 Pre3ent inventton a™ further described in the examples below. 
Example 1. Gene detection using electrode immobflized with nudeic add probe 

a. ImmobOization of nudeic acid probe to Pt electrode surface 

aM . J* ^ Ctm ^ "~ ,raated 81 a W9h temperature to air-oxidize the surface of the electrode After 
irr^5L?r? Iayef * Cy8no08n bromid0 (CNBr). immobilization was c«SucWbJ 
b S^!!? Utfon ^^"y Matured single stranded nudeicacid probe <v-myc) 

b. Gene detection using electrode ^mobilized with nudeic acid probe 

UneaTpV?6S^bT^ h 0, ? in 1 !* V ^ te ° m8rtinto 0811 8it8of P UC11 9*as employed. 

98- C Tta ^STiS; % -fl 9 With Hind '" and men ^ to the thermal denaturation at 

for 15 a^^o^n^l^^ ^ P ' aC8d h 108 1881 «""•. " hteh * 'ncubated 
StoT^b^ 

ncity to the double stranded DNA and is eiedrochemically active, was added 

duJfZmZS!! 0, ** 8l8 ^ d8r8ac *> n *a« affected whie determining the oxidatiorHBduction current P n> 
du«,d to quantify v-myc conteined in the test sample. As a result, v-myc could be detected in pg (pic^ 

Example 2: Gene detection using optical fiber immobilized with nudeic acid probe 

a. Immoblization of nudeic acid probe to optical fiber 

(QarrJ^S^H* aCa i fIber T ***** Mm COupl8r (flamrrm-aminopropyl triethoxy silane: 
^atSrCo^ 

b. Gene detection using optical fiber immobilized with nudeic add probe 

. i^l^l^" 1 ^ 6, PVM 623 0btained by insertin 9 fragment into Pst I site of pUC 119 was emoloved 
fl? « I ^mobilized with the nudeic acid probe was placed in the test sample, which was incu- 

caJatar^as an ^rten^aon^^^snt'' 8 '' 1 ^ electrode immobilized with nudeic add probe and using metallo inter- 
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As a tost sample, pVM 62* obtained by inserting v-myc fragment into Pst I site of pUC 119 was employed. 
Linear pVM 623 was obtained jy digesting with Hind III and then was subjected to the thermal denaturation at 
98°C. The electrode immobBtzed with the nucleic acid probe was placed in the test sample, which was incubated 
for 15 minutes at 70°C to anneal. During this procedure, tris (1 v 1 0-phenanthroline) cobalt (III), an intercalating 
agent which has specificity to the double stranded DNA and is electrochemtcally active, was added. 

After annealing, cyclic voltammetry was conducted and values of the oxidation-reduction current obtained 
by sweeping 30 times were summed up. As a result, v-myc could be detected in pg order. 

Example 4: Gene detection using optical fiber electrode immobilized with nudeic acid probe and utilizing 
electrochemiiuminescence 

As a test sample, pVM 623 obtained by inserting v-myc fragment into Pst I site of pUC 119 was employed. 
Linear pVM 623 was obtained by digesting with Hind III and then was subjected to the thermal denaturation at 
98°C. The optical fiber electrode ImmobOized with the nucleic acid probe (v-myc) was placed in the test sample, 
which was incubated for 15 minutes at 70°C to anneal. During this procedure, lucigen which has specificity to 
the double stranded DNA and is capable of generating electrochemicaliy luminescence was added. 

After annealing, electrochemical reaction was effected and the luminescence was detected through the 
optical fiber electrode immobilized with the nucleic acid probe. As a result, v-myc could be detected in pg order. 

Example 5: Gene detection using electrode immobilized with nucleic acid probe and using anti-DNA anti- 
body as an intercalating agent 

a. Immobilization of nucleic acid probe to Pt electrode surface 

Pt electrode was treated at a high temperature to air-oxidize the surface of the electrode. After 
activating the surface of the oxide layer by cyanogen bromide (CNBr), immobilization was conducted by 
immersing the electrode in the solution containing thermally denatured single stranded nucleic acid probe 
(v-myc). 

b. Gene detection using electrode immobilized with nucleic acid probe 

As a test sample, pVM 623 obtained by inserting v-myc fragment into Pst I site of pUC 1 1 9 was employed. 
Linear pVM 623 was obtained by digesting with Hind III and then was subjected to the thermal denaturation at 
98°C. The electrode immobilized with the nucleic acid probe was placed In the test sample, which is incubated 
for 15 minutes at 70°C to anneal. After washing the electrode, alkaline phosphatase-labeled anti-nucleic acid 
antibody which binds specifically to the double stranded nucleic add was reacted, and washed again prior to 
adding NADP+ solution. Alkaline phosphatase hydrolyze NADP+ to generate NAD*. 

NAD+ thus generated was determined by determining the current caused by oxidation of NADH in the sys- 
tem using alcohol dehydrogenase and diaphorase, whereby quantifying v-myc contained in the test sample. 
As a result, v-myc could be detected in pg order. 

Example 6: Gene detection using optical fiber immobilized with nucleic acid probe and using anti-DNA anti- 
body as an intercalating agent 

a. Immobilization of nucleic acid probe to optical fiber 

The tip of the optical ffoer was treated with silane coupler (gamma-APTES) and then the single stran- 
ded nudeic acid probe (v-myc) was immobilized using gf utaraldehyde as a crosslinking agent 

b. Gene detection using optical fiber immobflized with nudeic add probe 

As a test sample, pVM 623 obtained by inserting v-myc fragment into Pst I site of pUC 119 was employed, 
□near pVM 623 was obtained by digesting with Hind III and then was subjected to the thermal denaturation at 
98°C. The optical fiber immobflized with the nudeic acid probe was placed in the test sample, which was incu- 
bated for 15 minutes at 70°C to anneal. 

After annealing and washing, peroxidase-labelled antt-DNA antibody which binds specifically to the double 
stranded DNA was reacted. Then the sample was washed again, and reacted with HjOj In an alkaline aqueous 
solution using luminol as a substrate and luctferin as an enhancer. The luminescence thus generated was deter- 
mined to quantify v-myc contained in the test sample. As a result, v-myc could be detected in pg order. 

Reference Example 1: Quantification of nudeic add probe on BPPG electrode 

a. Introduction of amino group into nudeic add probe 

A DNA labeling kit Chemiprobe (ORGENICS Ltd.) was used to label carcinogenic gene v-myc (1 .5 
Kb), into which (6-aminohexyl) dATP was then introduced at 3' terminal using terminal deoxynucleotidyl 
transferase. 

b. immobilization of nudeic acid probe to electrode surface 

As an electrode to which the nudeic add is to be immobilized, basal plain pyrolytic graphite (BPPG) was 
employed. This electrode was subjected to electrolysis at Z2 V in a solution containing 1 0% nitric add and 
2.5% potassium chromate to oxidize the surface. The electrode whose surface has been oxidized was then 
placed in a refluxed sdution of 1 0% gamma-aminopropyl triethoxy silane in toluene at 1 20°C for 30 minutes 
to effect silane treatment After the electrode was washed with methanol, it was reacted in 1% glutaral- 
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dehyde sdution for 30 minutes, and was washed again. The electrode was reacted in a solution containing 
1 naMrf v-myc having amino group introduced at a room temperature for 30 minutes, whereby producing 
an electrode immobilized with the nucleic acid probe, 
c Quantification of nucleic add probe immobilized to electrode surface 

S . JJJ fZJtTT*?™**"* me nudelc add P"be thus obtained, cydic voitammetry was con- 
ducted in 1/15M phosphate buffer solution (pH 7.0). As a result, oxidation current of 1 uA generated from 
!il!T mea8ured h * me electrode *hich had been subjected to 10 seconds oxidation, while oxidation 
current of 2 uA measured by the electrode which had been subjected to 60 seconds oxidation. From the deter- 
„ ^^r"!?^'^^ fr 88 "™"* of nucleic immobilized to the surfaces of these electrodes were 
!. V Pf ^ e f pmol/cmJ - respectively. Such findings indicated that there may be correlation be- 

hveen the oxidation currents from the nudelc adds and the amounts of nudelc acid probe immobilized and 
that the nudelc add probe Immcbflized may be quantified based on the electrode reaction of the nudelc add 
Reference Example 2: Quantification of nudeic add probe on optical fiber 

a. Introduction of amino group into nudeic acid probe 

1 re-^i^H-jl'f Sf™ ^ Cher " i P robe ^ to carcinogenic gene v-myc ( 1 .5 Kb), into whicfi 
(B^inohexyl) dATP was then introduced at 3' terminal using terminal deoxynudeotidyl transferase. 

b. Immobaizafaon of nudeic acid probe to optical fiber 

it was, reacted m 1% gJutaraldehyde solution for 30 minutes and then washed again. The optical fiber was 
ZHH 8 TS? C ° ntainin9 1 ^ ^ -*» SrouP «"**«*ed and then reacted a! !T » 
^ I" " T^' Whefeby praducin 9 an OP** 1 fiber immobilized with the nudeic acid probe. 

c. Quantification of nudeic acid probe immobilized to optical fiber surface 

in 1 XSPSZSS IS *** tte nudeic ^ !**■ *»* obtained, the detection was attempted 

m 1/15M phosphate buffer sdution (pH 7.0) containing 1.0 uM acridine orange and the fluorescent nfrom 
acnd,ne orange could be detected. The amount of the nucleic add immobilized on me cp^ wT 

U8 ^r iPrebe ^ — ab0Ut °- 1 ^ ""dings IndlS^Tls pLTle 

Iro^^ 

^Example 7: Acceleration of hybridization of nudeicadd sample wimniideic acid pn^ immobflized to elec- 

UnevowlT^e^Z^ * i T' ting fragment ■* P8t " of P UC 1 1 9 was employed. 
Sc -rC S!!l by I d,0eSt,n9 Wi * Hind and men "*> to «e thermal denaturation at 

98 C Then the BPPG electrode immobilized with the nudeic add probe was placed in the test sample which 

3p^^ 

was^dZto^^i^i? 40 the d0Ubte 8tranded DNA and * electrochemical* active, 

was added to effect the electrode reaction, during which the oxidation-reduction current generated was deter 

ZT™ IT* " me test «»«"■ As a result, v^yc could STtlST^ cTer The 

lute? hybndKati ° n *** had ""ventionally been about 30 minutes was ^JXZJTo 

Example 8: Regeneration of electrode immobilized with nudeic add probe 

a. Immobilization of nudeic add probe to Pt electrode surface 

flrt ^l^ 6 ***** * 8 hi 9h temperature to air-oxidize the surface of the electrode After 

S^toT^S^ST * Cyan ° 9en ^ (CNBr >' Mobilization was coTucU^by 
imping the electrode in the sdution containing thermally denatured single stranded nudeic add probe 

b. Gene detection using electrode immobilized with nudeic acid probe 

U^^^^T^ * inSertin9 ^ ftB9ment ■* » 8ite of P UC 1 1 9 was employed. 

c R^neS ET^ht*" 88mP,e - 8 ^ ^ «"*■ 08 ***** in P9 orteT 

c. Regeneration of electrode immobilized with nudeic add probe 
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lized wfth the nucleic add probe. The electrode thus regenerated could be reused for the gene detection 
repeatedly at least 5 times thereafter. 

Example 9: Regeneration of optical fiber immobBized with nucleic acid probe 

a. Immobaization of nucleic acid probe to optical fiber 

5 The tip of the optical fiber was treated with silane coupler (gamma-APTES) and then the single stran- 

ded nucleic acid probe (v-myc) was immobilized using glutaraldehyde as a crosslinking agent 

b. Gene detection using optical fiber immobilized with nucleic acid probe 

As a test sample, pVM 623 obtained by inserting v-myc fragment into Pst I site of pUC 119 was employed. 
Linear pVM 623 was obtained by digesting with Hind III and then was subjected to the thermal denaturation 
10 at 98°C. The optical fiber immobilized with the nudeic acid probe was placed In the test sample, which was 
incubated for 15 minutes at 70°C to anneal. During this procedure, acridine which has specificity to the 
double stranded DNA was added. 

After annealing, the fluorescent from acridine was determined to quantify v-myc. contained in the test 
sample As a result v-myc could be detected in pg order. 
13 c. Regeneration of optical fiber immobilized with nucleic acid probe 

By heating at 98°C forfive minutes the optical fiber immobilized with the nucleic acid probe which had once 
been used for determination, the sample vPM 623 was dissociated from the surface of the optical fiber immobi- 
lized with the nucleic acid probe. The optical fiber thus regenerated could be reused for the gene detection 
repeatedly at least 5 times thereafter. 
20 Example 10: Gene detection using intercalating agent to which substance generating signals which can 
be detected directly or indirectly is bound. 

a. Preparation of electrode immobilized with nucleic acid probe 

(6-aminohexyl) dATP was introduced at 3' terminal into synthetic oligonucleotide probe (20 mer) 
against to a carcinogenic gene v-myc using terminal deoxynudeotidyt transferase. 

25 On the other hand, a basal plain pyrolytic graphite (BPPG) electrode was subjected to electrolysis at 2.2 
V in a solution containing 10% nitric acid and 2.5% potassium chromate to oxidize the surface of BPPG 
electrode. The electrode was then placed in a refluxed solution of 10% gamma-APTES in aniline at 120°C 
for 30 minutes to effect silane treatment After the electrode was washed with methanol, It was reacted in 
1% glutaraldehyde solution for 30 minutes and washed again. 

30 This BPPG electrode was reacted in a solution containing 1 pg/m? synthetic oligonucleotide probe, whcih 
has specificity to v-myc, having amino group introduced at a room temperature for 30 minutes, whereby 
producing an electrode immobilized with the nucleic acid probe. 

b. Gene detection using electrode immobilized with nucleic acid probe 

As a test sample, pVM 623 obtained by inserting v-myc fragment into Pst I site of pUC 1 1 9 was employed. 
35 Linear pVM 623 was obtained by digesting with Hind III and then was subjected to the thermal denaturation at 
98°C. BPPG electrode immoblized with the nucleic acid probe was place in the test sample, which was incu- 
bated at 70°C to anneal. Subsequently, acridine orange bound to ferrocene was added in such an amount that 
final concentration of 1 pM was obtained. After washing, it was subjected directly to the electrode reaction, dur- 
ing which the oxidation-reduction cunrent was determined to quantify v-myc contained in the sample. 
40 When the sample did not contained the gene intended, then the oxidation-reduction current from ferrocene 
was not detected. However, in the case of the sample containing the gene intended, the oxidation-reduction 
current could be detected, and ultimately v-myc can be detected in the order of pg. Since no B/F separation 
was required, the detection was completed within 30 minutes. 

Example 11: Gene detection using Intercalating agent to which substance generating signals which can 
45 be detected directly or Indirectly Is bound 

First, the electrode immobilized with the nucleic acid probe was prepared In the manner similar as In 
Example 10, and then it was immersed in a solution of nucleotides (dATP, dCTP, dGTP and dTTP) for the pur- 
pose of preventing non-specific adsorption of sample DNA 

As a test sample, pVM 623 obtained by inserting v-myc fragment into Pst I site of pUC 119 was employed. 
so Linear pVM 623 was obtained by digesting with Hind III and then was subjected to the thermal denaturation at 
98°C. Then BPPG electrode immobilized with the nucleic acid probe was placed in the test sample, which was 
incubated at 70°C to anneal. During this procedure, 0.1 V (vs SCE) of potential was applied to the electrode. 

After reaction, an intercalating agent which has specificity to the double stranded DNA and Is electrochemi- 
cally active, namely tris (phenanthroline) cobalt saltwas added. After tris (phenanthroline) cobalt salt was bound 
55 to the double stranded nucleic acid, negative charge was applied to the electrode to remove the substances 
binding non-specifically. Subsequently, the oxidation-reduction cunrent of the intercalating agent was deter- 
mined to quantify v-myc contained in the test sample. As a result, v-myc could be detected in pg order. 
Example 12: Gene detection using optical fiber immobflized with nucleic acid probe labeled with luminol 
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a. Preparation of optical fiber Immobilized with nudeic add probe labeled with luminol 

(6-aminohexyl) dATP was introduced at 3' terminal into synthetic oligonucleotide probe (20 mer) 
againstto a carcinogenic gene v-myc using terminal deoxynucieotidyl transferase. This nudeic add probe 
was labeled with luminol and then immobilized to the surface of the optical fiber by means of physical 
5 adsorption. 

b. Gene detection using optical fiber immobiized with nudeic acid probe 

As a test sample, pVM 623 obtained by inserting v-myc fragment into Pst I site of pUC 1 1 9 was employed. 
Linear pVM 623 was obtained by digesting with Hind III and then was subjected to the thermal denaturaoon at 
98°C. The optical fiber immobilized with the nudeic add probe labeled with luminol was placed in the test 
io sample, which was incubated at 55-C to anneal. During this procedure, ethidium bromide which binds speci- 
fically to the double stranded nudeic add was added. The ethidium bromide is concentrated on the surface of 
the optical fiber. Subsequently, luctferin and was used to generate the luminescence from luminol, 
whereby exerting ethidium bromide. Fluorescence generated from the exdted ethidium bromide was deter- 
mined to quantify v-myc contained in the test sample. As a result, v-myc could be detected in the order of pg 

16 Example 13: Gene detection using optical flljerimnMbBizedwim nudeic add probe labded with O-pheny- 
lenediamine 1 

a. Preparation of optical fiber immobilized with nudeic add probe labeled with O-phenylenediamine 

(6-aminohexyl) dATP was introduced at 3' terminal into synthetic oligonudeotide probe (20 mer) 
against to a carcinogenic gene v-myc using terminal deoxynucieotidyl transferase. This nudeic add probe 
so was labeled with O-phenylenediamine and then immobilized to the surface of the optical fiber by means 
of physical adsorption. 7 

b. Gene detection using optical fiber immobiized with nudeic acid probe 

, w^T" 16 ' PVM 623 ° btained * in8ertn fl y - m y° fragment into Pst I site of pUC 119 was employed. 
Linear py M 623 was obtained by digesting with Hind III and then was subjected to the thermal denaluration at 
98 C. The optical fiber immobilized with the nudeic acid probe labeled with O-phenylenediamine was placed 

r„^. n ^!I? e, ^ hi ? IT 88 the " inCUb8ted 81 55 ° C to anneal - annealing, antUouble stranded DNA 
antibody ^labeled with alkaline phosphatase was added. In this method, the antibody was concentrated on the 

»^Tn TTT"^ lntend6d 981,8 Pre88nt ,n «» sample, whereby undergoing theenzymatlc 
reaction resufting in the absorbance at 405 nm. The absorbance at 405 nm was determined to quantify v-myc 
contained in the test sample. As a result, v-myc could be detected in the order of pg 

Reference Example 3: Immobilization to electrode surface via amino group introduced into nudeic acid 
probe 

a. Preparation of nudeic acid probe into which amino group is introduced 

2 primers (20 mer) used for amplification of about 1.0 Kb fragment of carcinogenic gene v-myc were 
di^ft^ us^gDNAsynthesizer (Applied biosystem, PCR-MATE EP). An amino group was further intro- 
duced to one of the pnmer at 5' terminal using Aminolink 2 (Applied biosystem) 

Hl^! *?J S 1 ,?? 0 ? mer8 W8rB admixed each in me concentration of 100 ug/mf and subjected to the 
^ejitatgS'CforSminutesfdlowedDySZ'C for 30 minutes to anneal to obtain a double stranded nuc 
leic acid probe. 

b. ImmobBization of nudeic acid probe to electrode surface 

As an electrode to which the nudeic add is to be immobilized, basal plain pyrolytic graphite (BPPG) was 
employed. Th* electrode was subjected to dectrolysis at 2.2 V in a solution SZing 10% niiic add ™ 
ILT^T 10 SUrface - 71,8 electrode whose surface had been oxidized was men 

XeTme^^^^ 

£r u c n nS 

mJ^l? eiB T ie WaS , reacted in a so,ution °° ntaini "9 100 uQVmf of double stranded nudeic add probe 
Sf^Ti ? ~ 2VT temperatUr8 f0r 30 minutes - whereby immobilizing the double stranded nudeic 
add on the surface of the electrode. Then the electrode was further subjected to thermal denatured at £>C 

TZ^^l'T^" U8i, 2 1 e,ec1rode "nmobflized with nudeic add probe via lipid membranes 
a. Preparation of electrode immobilized with nudeicadd probe 

o ra nh.«mD , ^?f,T^l WaS l 0mied U8i " 9 P no8 P"a*y«tnanolamine on the surface of basal plain pyrolytic 
grephte^^ 

cmogemc gene v-myc (1.5 kb) using terminal deoxynudeotidyl transferase 

After treae ng ^ membrane-modified BPPG electrode with glutaraldehyde. it was reacted in 1 ug/mf sol- 
uton of v-myc to which ammo group had been introduced for 30 minutes at a room temperature^wnere* 
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producing an electrode immobilized with the nucleic acid probe. 

b. Gene detection using electrode immobilized with nucleic acid probe 

As a test sample, plasmid pVM 623 obtained by inserting v-myc (1.5 kb) into Pst I site of pUC 119 was 
employed. 

The test sample was thermally denaturated at 95°C and then the electrode immobilized with the nucleic 
acid prepared in step a was placed in the sample to effect hybridization at55°C. Determination of the membrane 
potential of the electrode immobilized with the nucleic acid was started before the initiation of hybridization. 
The membrane potential changed as the hybridization proceeded, and plateaued about 2 hours after initiation 
of reaction. Thus, when using the electrode immobilized with the nucleic acid probe via the membrane, the gene 
can be detected whfle monitoring the hybridization reaction. As a result, the Intended gene could be detected 
in the order of pg. 

Example 15: Gene detection using electrode immobBized with nucleic acid probe and blocked by synthetic 
oligonucleotide 

a. Preparation of electrode immobilized wfth nucleic acid probe 

(6-aminohexyl) dATP was introduced at 3' terminal into synthetic oligonucleotide probe (20 mer) 
against to a carcinogenic gene v-myc using terminal deoxynuclotidyl transferase. 
On the other hand, BPPG electrode was subjected to electrolysis at 2.2 V in a solution containing 10% 
nitric acid and 2.5% potassium chromate to oxidize the surface of the electrode. The electrode whose sur- 
face had been oxidized was then placed in a refluxed solution of 10% gamma-APTES in aniline at 120°C 
for 30 minutes to effect stlane treatment After the silane-treated electrode was washed with methanol, it 
was reacted in 1% glutaraldehyde solution for 30 minutes, and then washed again. 
This electrode was reacted in a solution containing 1 ng/md of the probe to which amino group had been 
introduced at a room temperature for 30 minutes, whereby producing an electrode immobilized with the 
nucleic acid probe. 

This electrode was immersed in a solution of synthetic nucleotide (20 mer) to adsorb the synthetic nuc- 
leotide on the surface of electrode. 

b. Gene detection using electrode immobilized with nucleic acid probe 

As a test sample, pVM 623 obtained by inserting v-myc fragment Into Pst I site of pUC 1 1 9 was employed. 
Linear pVM 623 was obtained by digesting with Hind III and then was subjected to the thermal denaturation at 
98°C. The BPPG electrode immobiized with the nucleic acid probe produced in step a above was placed in 
the test sample, which was then incubated at 70°C to anneal Subsequently, an intercalating agent acridine 
orange which binds specifically to the double stranded nucleic acid and has electrode activity was added and 
then the electrode reaction was conducted, during which the oxidation-reduction current generated was deter- 
mined to quantify v-myc contained in the test sample. 

As a result, v-myc could be detected in the order of pg. SIN ratio observed was higher than that of the elec- 
trode whose surface was not blocked. 

Example 16: Amplification and detection of intended gene 

a. Amplification of intended gene 

As a test sample, pVM 623 (4.6 Kb) obtained by inserting v-myc fragment into Pst I site of pUC 119 
was employed. Unear pVM 623 was obtained by digesting with Hind III and then the concentration was 
adjusted to 1 femtomol (10- 15 mol). The sample was subjected to PCR using the condition shown below 
as one cycle and repeating the cycle 30 times to amplify 1 Kb fragment of v-myc. 
Denaturation : 94°C for 1 minute 

Primer annealing : 55°C for 1 minute 
DNA elongation : 72°C for 1 minute 

b. Gene detection using electrode immobilized with nucleic acid probe 

The sample amplified by PCR was thermally denaturated at 98°C and BPPG electrode immobiized with 
nucleic acid probe was placed in the sample, which was then incubated at 70°C for 15 minutes to effect anne- 
aling. During this procedure, acridine orange, an intercalating agent which has specificity to the double stranded 
nucleic acid and has the electrode activity, was added to the sample. Subsequently, the electrode reaction was 
conducted while determining the oxidation-reduction current generated to quantify v-myc contained in the 
sample. As a result, the presence of v-myc could be confirmed. 

Reference Example 4: Amplification and detection of intended gene 
a. Amplification of intended gene 

As a test sample, pVM 623 (4.6 Kb) obtained by inserting v-myc fragment into Pst I site of pUC 119 
was employed. Unear pVM 623 was obtained by digesting with Hind III and then the concentration was 
adjusted to 1 femtomol (10-** mol). The sample was subjected to PCR using the condition shown below 
as one cycle and repeating the cycle 30 times to amplify 1 Kb segment of v-myc. 
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Denaturation : 94°C for 1 minute 

Primer annealing : 55*0 for 1 minute 

ONA elongation : 72°C for 1 minute 

The primer was previously labeled with biotin prior to use. 

b. Gene detection using optical fiber immobflized with nucleic acid probe 

The sample obtained by PCR was thermally denaturated at 98°C and the optical fiber immobilized with nuc- 
leic acid probe was placed in the sample, which was then incubated at 70°C for 15 minutes to effect annealing. 
Subsequently, avidirviabelled horse radish peroxidase was reacted and the fiber was washed. After adding 
luminescence substrate lurrrinol, HjOj and enhancer, the luminescence was detected via the optical fiber. As 
a result, the presence of v-myc was confirmed. 

Example 17: Gene detection while inhibiting non-specific adsorption of nudelc add to electrode immobi- 
lized with nudelc acid probe 

As a test sample. pVM 623 obtained by inserting v-myc fragment into Pst I site of pUC 119 was employed 
Linear pVM 623 was obtained by digesting with Hind III and then was subjected to the thermal denaturation at 
98«C. The BPPG electrode immobflized with the nudeic acid probe was placed in the test sample, which was 
incubated at 70°C to effect annealing. After annealing. -1.5 V (vs SCE) potential was applied to the electrode 
to remove DNA adsorbing the electrode surface non-specrfftcally and physically. 

Then acridine orange, an intercalating agent which has specificity to the doubiesfianded DNA and has elec- 
trode activity, was added and then the electrode reaction was conducted. The oxidation-reduction current gen- 
erated was determined to quantify v-myc contained in the sample. As a result, v-myc could be detected in the 
order of pg at an improved S/N ratio when compared with conventional results. 

Example 18: Gene detection while inhibiting nonspecific adsorption of nudeic acid to electrode immobi- 
lized with nudeic acid probe 

As a i tsst sample, pVM 623 obtained by inserting v-myc fragment into Pst I site of pUC 119 was employed. 
^£215? 0Wained by diQeanng Hind 111 and ton was subjected to the thermal denaturation at 
bdoA ,!^ e ? trode 1 .^Il ,n0biliZed 106 nudeic add P"** < 20 ™ r ) having 50% homology to v-myc and 
BPPG electrode Immobilized with the nudeic add probe against to v-myc were placed in the test sample, which 
was incubated at 70°C to effect annealing. 

Then acridine orange, an intercalating agent which has specificity to the double stranded DNA and has 
electrode i activity, was added and then the electrode reaction was conducted. The oxidation-reduction current 
generated was determined to quantify v-myc contained in the sample 

After this electrode reaction, -1.0 V (vs SCE) potential was applied to the electrode to remove the nudeic 
acid having less homology. After that acridine orange was added similarly as above and then the electrode 
reacbonwas conducted while determining the oxidation-reduction cunwtgenerated. The resute indicated that 
£v wl^^lf ThST the 'noting agent when using the prove having 50% homol- 

22 HI ^ «rf that obse,^ ^ using the prove having 1 00% homology. Accordingly, it was clarified 
that variant genes can be detected by using this method. 

Reference Example 5: Extraction of nudeic acid using carrier immobiized with double stranded nudeic 
acid recognizing substance 

h.» Jl^r 3 "? 6 ' 8 m ! 9netite fmtiCie havi "9 P artide size of 10 Mm as a earner and aminoacridine as a dou- 
ble stranded nudeic acid recognizing substance were employed 

iJZ^H T* r tiC ! e8 0"* W88ned ttX>raU9hly ^ PBS and P'«ced in a refluxed solution of 10% 
^SS^TX^ in t0lUene * 120 ° C for 2 hours ' a "d »an washed with methanol. Subsequently, 
1% glutaraldehyde solution was reacted with the particles to which then aminoacridine was immobllSd. 

amilT^lTr 1 ?"?? aS _f teSt Sampte - 7,16 ,eutoc y tes a"" »he magnetic particles Immobiized with 
aminoacridine were admixed in a plastic vessel, which was agitated vigorously by vortex mixer to effect both 
of ceU rupture and inunoMization of the nudeicacid to the carrier at once. SutLquently. a magnet 

we^aZCeTnl^^^ 

were washed three times with 10 mM tns buffer solution containing 200 mM NaCI (pH 7.0). After washing the 
parucles were placed in 70% ethanol to elute the nucleic add «ierwasmng. tne 

leicadd^^ 
timetr^acl^ 

TJ^n^T- FT"! mVenti ° n ' Theref0re ' *• presenl invention * extreme, y ***** as a method 
fordetecbngacertangeneinmefieldso^ 

tons^orTntiSaC!""^ 
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The gene detection dev^e according to the present invention comprises: 
a gene detection sensjr having a nucleic acid probe immobilized onto the surface of a carrier sensitive 
to physical change; 

a tma8portation means to transport the gene detection sensor; 
5 a reaction vessel to store a sample solution containing the gene sample denatured into a single stranded 

form. In the reaction vessel a double stranded nucleic acid being formed on the gene sensor by hybridization 
of the gene sample and the nudeic acid probe immobilized on the surface of the gene sensor; 
a temperature control means to control the temperature of the sample solution; 
a washing means to remove unreached gene sample by washing the gene sensor after hybridization of 
10 the nucleic acid probe with the gene sample; and, 

a detection vessel to store a double stranded nucleic acid recognizing substance, the double stranded 
nucleic acid recognizing substance being reacted with the double stranded nucleic add formed on the surface 
of the gene sensor in the detection vessel, whereby binding the double stranded nudeic acid recognizing sub- 
stance with the double stranded nudeic add in order to detect a physical change generated by the bound double 
is stranded nudeic recognizing substance. 

The gene sensor used in the present gene detection device may preferably be either of the electrode or 
optical fiber immobilized with the nudeic acid probe as mentioned above. This gene sensor may further be 
imparted with the function of a stirrer by forming ft in the form of paddle or with the function of a temperature 
sensor. 

20 The physical change such as electrochemical or optical signal detected by the gene sensor were deter- 
mined directly or via appropriate controller and then further analyzed by means of computer. 

In the reaction vessel, a sample solution containing the gene sample denaturated into a single strand was 
stored. As the sample solution, the coarse extract of the nudeic add obtained by celt rupture may be used as 
it is or used after purification. A sample solution preparating device capable of preparing such coarse or purified 

26 extract of the nudeic add may be connected to the reaction vessel and the sample solution prepared in situ 
from the test cells may be fed to the reaction vessel, whereby enabling full-automatic gene detection starting 
from the preparing the sample soulution from the test cells. The sample solution preparing device may be, for 
example of a disposable cartridge type, which may be exchanged to a new cartridge after completion of the 
determination. By using the cartridge freely replacable, the sample solution can always be prepared in a dean 

30 condition without washing. 

The gene detection device according to the present invention may further be provided with a dissociation 
means by which double stranded nudeic add formed on the surface of the gene sensor was dissodated into 
the nudeic acid probe immobilized on the gene sensor surface and the free single stranded gene sample which 
is removed to regenerate the gene sensor. Such dissociation means is quite desirable for the purpose of auto- 

35 mizing the detection device since the dissociation means enables the repetitive use of the gene sensor. The 
dissociation means useful for the present gene detection device are the treatments with heat bases, acids, 
surfactants and ultrasonic wave as mentioned above. 

Furthermore, the present gene detection device may employ one or more gene sensors each immobilized 
with different nudeic acid probes. These gene sensors may be used at once to determine one or more items, 

40 or some of the gene sensors may be designated for a certain choice of the items to be detected. 

A method of detecting the gene using the gene detection device of the present invention was described 
below with referring the figures. 

Fig. 1 shows a schematic view of an example of the automatic gene detection device according to the pre- 
sent invention. This device comprises three vessels, namely, reaction vessel 2, detection vessel 9 and dissoci- 

45 ation treatment vessel 1 1 . Reaction vessel 2 Is fitted In temperature controller 3 and connected to waste tank 
10, and Is able to move in horizontal direction along with rail 4. Reaction vessel 2 is connected to gene sample 
purification device 1 at a predetermined position on rail 4. Gene sensor 5 is fixed on transportating device 12, 
by which horizontal transportation to the position above each tank and vertical transportation into each tank 
are effected. As gene sensor 5, an electrode immobilized with a nudeic add probe is employed and the electric 

so signals detected by this electrode is input via electric signal detection controller 6 to computer 7, by which the 
signals are analyzed. 

The method of detecting gene using this device is as follows. First, a test cells containing the nudeic acid 
to be detected is placed in gene sample purification device 1 , in which a test solution containing the gene sam- 
ples denaturated into single strands is prepared. The sample solution thus prepared is fed to reaction vessel 
55 2, which is then transported to the predetermined position along with rail 4. After gene sensor 5 was horizontally 
transported to the position above reaction vessel 2, It is transported into reaction 2. After gene sensor 5 was 
immersed in the sample solution in reaction vessel 2, the temperature of the sample sdution was appropriately 
controlled by temperature controller 3 and then the nudeic acid probe immobflized to the surface of gene sensor 
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5 and the gene sample contamed in the sample solution are hybridized. After the completion of hybridazation, 
gene sensor 5 is taken from the sample solution and washed with fluid fed from washingfluid vessel 8 to remove 
unreacted nude.c aad probe, and then the sensor is horizontally transported to the position above detection 
Z! JL^T^ f" 6 8 ! n8 ° r 5 ' reaction vessel 2 is transported again to the position connecting to 
!!^?2!S^ 0I L J ' a " d fte 8ample 80lution oontoined fe discharged to the waste tank. Gene 
Z^!^f^^ P ° 8itl0n ^ d8t8Cti0n ve88el 9 te »«nsPOrted into detection vessel 9. In 
tTSZTHHi! T 0 " 9 8 dOUblB <rtranded nudeic acW ^cognizing substance is stored, and 

aZ?Z£lTT n Ht BK l r8C ° 9ni2ing 8ub8tance recognizes and binds to the double stranded nucleic 
^J?"™*™ ?° 8UI ?? * flBne sensor 5 immersed in the solution. Electrochemical signal generated by 
!S ?J Bta ,^ nudeteadd recognizing substance bound to the surface Is detected by gene sensor 5 and 
controlled by electric signal detection control 6 and then Input to computer 7 foranalysis deSSnaton 
gene sensor 5 to removed from detection vessel 9 and transported Into dissodatton^eatment vessel Tin 

r^Xe^ 

vesse^l^!! 2 ^^ 8 ! 8 ^^ 001 neCeSSari ' y ^e, and combination of one or more small 
oJlZZ^l t- P ^ 88 h F ' 9 - 2 - By U8i "9 one or more small vessels and one or 

^v L bTTmbined wTT 8amPteS ^ detWmined * ^ 8UCh eM * ™* tanks 

of a ^r a t ™ !L h Wrtht J e8ame number of gene sample purification devices 1 to prepare a plurality 
of samples at once, whereby enhancing the efficiency of the determination 

« < «I h ^ ( !^ in8t £ n 080 BlSO be eonducted removing unreacted nucleic acid samples and double 
Z^n??" 9 8Ub8t8nCe8 - ■ MCh ^ to no need to provide waslg fluid tak 8 
and detection vessel 9. and the entire procedure through determination can be conducted in reaction vessel 

Further™^, reaction vessel 2 may be a disposable reaction cell provided with a carrier immobilized with 
*e nude.c acid probe on its bottom or side surface. The immobilized carrier useful maHSemZbeTn , JS 
tn^e .mmobflBed with a nucleic acid probe in view of the connection to the detocZd^^y aticIS 

am^nS mZT^" T ^ * u ~ t " b 8,80 to set the 

a manner that it can be separated from the reaction cell for the purpose of repetitive use 

The gene detection using this reaction cell is conducted as follows. First, a sample solution containing the 
nude.c aad to be detected is placed in the reaction cel.. which is heated MmmJLumwZ^ £ 

to form the double strand. The double stranded nucleic acid recognizing substance was addedand Z.S 
generated directly or indirectly is determined via the carrier provSed in memS Z I^^K 
required to use the gene sensor mentioned above. m such case, it is not 

The reaction cell is separated from the detection device and discarded after every determination Therefore 
de3aV^ n ^ h,y H re, ^ e W " h0Ut or carry-over of the i^St^S Z 

I 0 COnducted more within a short period since there is no need to wash Zcel 
mos^ T^L^T"*™ C ° ntraUer 3 Wtlk:h COntrola the «en,per*ur. of reactio vZl 2 hammer- 

ThisdlvLfe^ 

the J^EZ!^Z^£?^ "" fT™" reaction a " d vessels in 

a iJSon^iS^ vll. 1„ S i" 9 VeS8d 4i menfcned above ' tt fe not required to provide 
unreal Z^^S^^ST' "T can be conducted without removing 

bottomsu^ ""^ U8i " 9 ^ectrocherrdluminescence. On th! 
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together with the tip of optical fiber 37. By transporting device 12, reference electrode 36 and optical fiber 37 
are horizontally transported and vertically transported into each vessel. Reference electrode 36 is connected 
to function generatof/potentiostat 38 together with electrode 33 immobilized with nucleic acid probe. The poten- 
tial to be applied to these electrodes is appropriately calculated by computer 39. The electrochemfluminescence 

5 generated on the surface of electrode 33 immobilized with nucleic add probe is sent via optical fiber 37 to photo- 
multiplier 40 for amplification and then counted by photocounter 41 . The results of the determination are input 
to computer 39 for analysis. 

The gene detection using this device is conducted as follows. First, 6imflariy as in the case of the device 
shown in Figure 1 , the test cells containing the nucleic acid to be detected are placed in gene sample purification 

10 device 31 and processed into a sample solution containing the gene sample denaturated to the single strand. 
The solution is then transferred to reaction cell 32. Then, the temperature of the sample solution Is controlled 
appropriately by temperature controller 34 and the nucleic acid immobilized on the surface of electrode 33 is 
hybridized with the gene sample in the sample solution. During this procedure, an intercalating agent capable 
of generating electrochemfluminescence is added to the sample solution. Alternatively, the intercalating agent 

is may be added to the test solution prior to the hybridization. Subsequently, reaction cell 32 is transported along 
with rail 35 to a predetermined position and reference electrode 36 and optical fiber 37 are transported into 
reaction cell 32 to immerse in the sample solution. Then potential is applied between reference electrode 36 
and electrode 33 immobilized with the nucleic acid provided in reaction cell 32 to generate electrochemi- 
luminescence. The light caused by the electrochemfluminescence is brought via optical fiber 37 to photomul- 

20 tiplier 40 for amplification followed by counting by photocounter 41. The results of the determination are input 
to computer 39 for analysis. After determination, reference electrode 36 and optical fiber 37 are removed from 
reaction cell 32 and transferred to washing vessel 42 for washing. 

Example 19: Gene detection using gene detection device provided with electrode immobilized with nucleic 
acid probe 

25 The automatic gene detection device shown in Fig. 1 was used to detect the gene. As a test sample, pVM 
623 obtained by inserting v-myc fragment into Pst 1 site of pUC 119 was employed. Linear pVM 623 was 
obtained by digesting with Hind III and then was subjected to the thermal denaturation at 98°C. The electrode 
immobilized with the nucleic acid probe was placed in the test sample, which was incubated for 15 minutes at 
70°C to effect annealing. During this procedure, acridine orange, an intercalating agent which has specificity 

30 to the double stranded DNA and is electrochemically active, was added. 

After the annealing, the electrode reaction was effected while determining the oxidation-reduction current 
produced to qunntrfy v-myc contained in the test sample. As a result, v-myc could be detected in pg order. The 
entire procedure could be conducted within 1 hour. 

Example 20: Gene detection using gene detection device provided with optical fiber immobilized with nuo 

35 leic acid probe 

The gene was detected using the automatic gene detection device shown in Fig. 1 except for replacing 
gene sensor 5 and electric signal detection controller 6 with optical fiber and fluorescence detector, respect- 
ively. As a test sample pVM 623 obtained by inserting v-myc fragment into Pst I site of pUC 1 1 9 was employed. 
Linear pVM 623 was obtained by digesting with Hind III and then was subjected to the thermal denaturation at 

40 98°C. The optical fiber immobilized with the nudeic acid probe was placed in the test sample, which was incu- 
bated for 1 5 minutes at 70°C to effect annealing. During this procedure, acridine orange, an intercalating agent 
which has specificity to the double stranded DNA and is electrochemically active, was added. 

After the annealing, the electrode reaction was effected while determining the oxidation-reduction current 
produced to quantify v-myc contained in the test sample. As a result, v-myc could be detected in pg order. The 

45 entire procedure could be conducted automatically within 1 hour. 

Reference Example 6: Gene detection using gene detection device provided with electrode immobilized 
with nucleic acid probe utilizing electrochemiluminescence 

The gene was detected by using the automatic gene detection device shown in Fig. 4. As a test sample. 
DNA derived from human peripheral Wood admixed with pVM 623 obtained by inserting v-myc fragment into 

50 Pst I site of pUC 1 19 and digested with Hind III to make it linear was employed. A reaction cell provided on its 
bottom surface with a BPPG electrode immobilized with nucleic acid probe was prepared, and then the sample 
was added to this reaction cell and thermally denaturated for 5 minutes at 98°C. The sample was incubated 
for 15 minutes at 70°C to effect annealing. During annealing, lucigenin which has specificity to the double stran- 
ded DNA and capable of generating electrochemiluminescence was added. 

55 After the annealing, the electrochemical reaction was effected whfle counting the luminescent light by a 
photo-counter. As a result, v-myc could be detected in pg order. The entire procedure could be conducted within 
1 hour. 

Example 21: Gene detection using disposable reaction cell provided with electrode immobilized with nuo 
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leic add probe 

a. Preparation of reaction cell provided with electrode immobilized with nucleic acid probe 

(6-eminohexyl) dATP was introduced to carcinogenic gene v-myc (1.5 Kb) previously at 3' terminal 
using terminal deoxynuclotidyl transferase. 

As an electrode to be immobilized with the nucleic acid, a Pt electrode was employed. First, the Pt electrode 
was heated at 180»C for 12 hours to oxidize the surface of the electrode. The electrode was placed In a 
refluxed solution of 10% gamma-aminopropyl triethoxy siane in aniline at 120°C for 30 minutes to effect 
sSane treatment and then washed. The electrode was reacted further in 1% glutaraldehyde solution for 30 
minutes and then washed. Subsequently, the electrode was reacted in a solution containing 1 ug/mf v-myc 
having amino group Introduced at a room temperature for 30 minutes, whereby producing an electrode 
immobilized with the nucleic acid probe. Then a reaction cell (5 x 5 x 10 mm) provided on Its bottom surface 
with the electrode immobilized with the nucleic acid probe was prepared. 

b. Gene detection using reaction cell provided with electrode immobilized with nucleic acid probe 

As a test sample, the fragment obtained by digesting pVM 623 (4.6 Kb) obtained by inserting v-myc frag- 
ment into Pst I site of pUC 119 with Hind III was employed. A solution containing the segment was placed in 
the reaction cell produced in step a. and subjected to thermal denaturatfon at 95«C for 5 minutes followed by 
annealing at 72»C for 30 minutes. After reaction, bis (1.10-phenanthroline) osmium was added to the reaction 
cell and the electrochemiluminescence caused by applying potential to the electrode was determined. As a 
result, v-myc could be determined in the order of pg. 

Example 22: Gene detection using disposable reaction cell provided with electrode immobilized with nuc- 
leic acid probe 

a. Preparation of reaction cell provided with electrode immobilized with nucleic acid probe 

(framinohexyl) dATP was introduced to carcinogenic gene v-myc (15 Kb) previously at 3' terminal 
using terminal deoxynuclotidyl transferase. 

As ah electrode to be immobilized with the nucleic acid. BPPG electrode was used. First, this BPPG elec- 
trode was electrolyzed in a solution containing 10% nitric add and 2.5% potassium chromate at Z2 V to 

n^Jfrr 5 " 8 ? eie T d6 - 17,8 e,ectrode "*» a refluxed solution of 1 0% gamma^mi- 

nopropyl triethoxy sOane In anline at 120«C for 30 minutes to effect sOane treatment and then washed with 
methanol. The electrode was reacted further in 1 % glutaraldehyde solution for 30 and then washed. Sub- 
sequently the electrode was reacted in a solution containing 1 ug/mf v-myc having amino group introduced 
at a room temperature for 30 minutes, whereby producing an electrode immobilized with the nudeic acid 
Pr ° b f h Th6 " a reac * on cell (5 x 5 x 1 0 mm) provided on Ha bottom surface with the electrode immobilized 
with the nudeic acid probe was prepared. 

b. Gene detection using reaction cell provided with electrode immobilized with nudeic add probe 

_ J" „ * 8ample ; *? fragment obtained by digesting pVM 623 (4.6 Kb) obtained by inserting v-myc frag- 

Zt^** TjZ P ^ C , 119 ^ Hind W88 m ^ ed - A -"-"taB *• foment LX-b 

TnnS i^rf"^ ^ "? * "* * thennal Saturation at 95-C for Semites followed by 

LT « Zl ^ „ m T te8 ' re8Cti0n ' (1.10-Phenanthroline) cobalt was added to the reaction 
d^T^reC" ~~ ~ 19 "* -rtomme.y.Asaresu^ccou.dbe 

tton ft* ^ll'^T*?* 6 IT by ^ 8UtomatiC 9ene detectfon ^vice accordingto the present inven- 
dZ£ ™ > T*" automaticaB y "V «"« methods mentioned above. Therefore, the gene can be 
detected more simply within a short period. 

of dl^i^f " meth ? C "* Cr1bed aoove ' for the purpose 01 P«««no a gene detection method capable 
of detecting die presence of an intended gene more safely and conveniently within a shorter period the carrier! 

n?JZZ ^ a " inte f" lat,n 9 a 9 ent « Mobilized with the nudeicadd probe to use asagenesensor 
oTthenr^ 5 f"™* 6 * U8in9 PBrtide8 ™* the nucleic add probe on the sXi 

Z£ «t nTJZ carrier in^mobilized with the nudeic acid probe. Thus, on the surface of the par- 

« ^ " hybridte6d * e " n * ^P' 6 totem the double strand, to which 

i^SSS^SS^ double 8tranded nudeic add reco9nizin9 8ub8tence * ^ «™^» 

tvreJel^^ 
Srerang 8 ^ 

~dX^^ 

Surtlarty.afilterimmobaizedwimtoenudeicaddpn^onmefi^^ 
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the gene. In such case, the useful filters may be any fBters as long as they do not change their nature at least 
at 100°C, such as, for example, those filters generally used in DNA southern blotting such as nitrocellulose 
fBters and nylon ffltere. For immobilization of the nucleic acid probe onto those filters, the methods mentioned 
above for immobilization of the nucleic acid to a earner can be applied as they are. 

Gene detection using the fflter immobflized with the nucleic acid probe can be conducted as follows. 
First, a nudeic acid is extracted from a test sample such as peripheral venous blood or various organ cells 
according to a standard method and purified if necessary. Then a hybridization reaction solution containing the 
nudeic add sample obtained is prepared and the reaction solution is applied to the multiple-layer fflter device 
consisting of one or more fiters including the filter immobilized with the nudeic add probe, and the sample is 
permeated into the filter device. A double stranded nudeic acid recognizing substance, especially such a double 
stranded nudeic add recognizing substance that indicates optical activity itself or via other substance, has pre- 
viously been contained in the hybridization reaction sdution. After the reaction sdution is suffidentiy per- 
meated, the nudeic acid is thermally denaturated at 95°C into a single strand, which is then hybridized with 
the nudeic add probe immobilized on the fflter surface by further heating at 37 to 72°C. After reaction, the filter 
immobilized with the nudeic acid probe is removed from the filter device and then washed. When the intended 
gene is present in the nucleic add sample, a double strand is formed on the filter immobSized with the nudeic 
add probe and this double stranded nudeic add is bound to the double stranded nudeic acid recognizing sub- 
stance. This double stranded nudeic add recognizing substance causes the change in signal, which is deter- 
mined to quantify the intended gene. Thus, when the double stranded nudeic add recognizing substance has 
optical activity, then the change in optical signal such as luminescence, fluorescence, reflection, fluorescence 
polarization, quenching, circular dichroism and the Iflce. 

Whfle the intended gene bound to the nudeic acid probe immobilized on the carrier is detected using the 
double stranded nudeic add recognizing substance in the detection method described above, the gene can 
also be detected without using the double stranded nudeic add recognizing substance by labeling the intended 
gene itself. For this purpose, the intended gene in the test sample is amplified as a pretreatment for the detection 
while labeling the primer used for amplification or starting nudeotide with a label such as electrode-active sub- 
stance or optically active substance as mentioned above. By this step, the label is Introduced into the gene 
which has been amplified, resulting in the intended gene which has itself been labeled. The label useful for this 
purpose may not be particularly limited, and any substance listed above as a label capable of further binding 
to a biopolymer and an intercalating agent may be used. 

The detection of the gene which has itself been labeled can be conducted sinriariy as in the detection 
method mentioned above except for using no double stranded nudeic acid recognizing substance. 

Furthermore, the second probe in addition to the first probe which is immobilized on the carrier may be 
used to conduct "sandwich" hybridization, whereby detecting the intended gene without using the double stran- 
ded nudeic acid recognizing substance. Thus, the first hybridization is conducted between the first probe 
immobilized on the carrier and the intended gene, and then the second probe labeled is added to conduct the 
second hybridization with the intended gene bound to the first probe followed by the detection of the signal from 
the label of the second probe. 

The second probe useful may any nudeic add having the base sequence complementary to the intended 
gene to be detected. When the intended gene has one or more base sequences complementary to the first 
probe then the first probe can be used as the second probe. 

The label to be used to label the second probe may not particularly be limited, and the substances fisted 
above as the labels capable of binding further to a biopdymer and an intercalating agent may be used. 

In this gene detection method, the process to the step of hybridization of the first probe irwnobilized on the 
carrier with the intended gene may be similar to that in the detection method using the double stranded nudeic 
acid recognizing substance as mentioned above. After the first probe is bound to the intended gene, the second 
probe is added instead of the double stranded nudeic add recognizing substance, and then the second hyb- 
ridization is conducted under the condition similar to that of the first hybridization. The second probe may also 
be added before the first hybridization. After the completion of the second hybridization, the gene is detected 
by a suitable method depending on the label introduced to the second probe. Specifically, the method of detect- 
ing the double stranded nudeic add recognizing substance bound to the double strand can be used as it is. 

Most of the genetic diseases are developed when a particular base sequence is defected or combination 
of a plurality of particular base sequences are presented in a gene. Thus, most of the genetic diseases can 
not be identified directly by using the nudeic add probe. Accordingly, most of the diseases are now identified 
by using restriction fragments length polymorphism (RFLP) analysis. This RFLP method involves an analysis 
of the pattern of DNA fragments and thus requires the procedure of separating the DNA fragments. Presently, 
the separation of DNA fragments employs only electrophoresis which involves the problem of complicated pro- 
cedures and a long time period for the determination. 
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Such analysis of the pattern of DNA fragments can be conducted conveniently within a short period by using 
the gene detection method of the present invention in the procedure described below. 

First, DNA is extracted from a biological material and then digested with an appropriate restriction enzyme. 
The restriction enzyme useful is not particularly limited and any enzyme generally used in RFLP may be 
5 employed. Examples of the useful restriction enzyme are Accl, Aval. BamHI, EcoRI. Hind, Hndlll and Pst I. 
The DNA fragments obtained are then separated based on molecular weights by column chromatography, 
high performance liquid chromatography (HPLC), for example, FPLC (manufactured by PHARMACIA Co. Ltd.), 
capBlary electrophoresis, gel electrophoresis and the like. DNA fragment may also be separated after denatu- 
re ted by, for example, heating at 90 to 98°C. 
10 Then DNA fragments separated based on molecular weights are hybridized with the nucleic acid probe 
immobilized onto the carrier. This hybridization may be conducted in a flow system of a constant flow rate or 
in a aeries of fractions having the same volume. 

When the hybridization is conducted in the Row system, the conditions such as temperature and pH of mov- 
ing phase are suitably selected depending on the hybridization reaction. The composition of the moving phase 
18 is not particularly limited although a salt concentration of about 0 to 1 M. pH of the neutral region, and a tem- 
perature within the range from 37 to 72-C are preferred. While it is desirable to add the double stranded nucleic 
aad recognizing substance previously to the sample solution, it is also acceptable that a carrier having the dou- 
ble strands formed on the surface is placed in a solution containing the double stranded nucleic acid recognizing 
substance. As a double stranded nudeic add recognizing substance, any of those listed above may be 
zo employed. In the flow system, the time period (retention time) between the introduction of the sample solution 
and the generation of the director indirect signal from the double stranded nudeic add recognizing substance 
is determined. The pattern of DNA fragments based on. for example, RFLP can be obtained. 

When the hybridization is conducted after obtaining the fractions, each fraction is subjected to the hybri- 
dization with the nudeic add probe immobiized to the carrier and then the double stranded nudeic add rec- 
ognizing substance is added to the fraction to determine the direct or indirect signal from the double stranded 
nudeic acid recognizing substance. From the fraction number of the fraction in which the signal is obtained 
the pattern of DNA fragments based on. for example. RFLP can be obtained. 

Although the present invention is a method to detect the presence of a gene having a particular base sequ- 
ence as mentioned above, the present method can further enable the separation of the gene having the par- 
ticular base sequence. Specifically, since in the detection method mentioned above the intended gene is 
T^S"!* * Carri6r * m8anS * "y^ktfon with the nudeic acid probe, the intended gene can be sepa- 
rated from the test sample only by removing the carrier from the test sample. Accordingly, the intended gene 
can exdusrveiy separated by dissociating the intended gene from the carrier by an appropriate means after 
removing me substrate. 

MwespecincaJly. this gene separation can be performed by first hybridizing the nudeic add probe immobi- 
taed on the earner gene surface with the intended gene to form a double stranded nucleic acid, to which then 
to fZH™ T nudeic add recognizing substance added before or after hybridization is bound, and then 
by detecting the signal from the double stranded nudeic acid recognizing substance bound to the double stran- 
?„*rf C >. S nfinn *" PreSenC80fthe intended S 6 " 6 - Tnen the carrier on which the presence of the 
Z ^Z IZ !" C0nfirTn8d * rem0ved *■«" te8t to • eoara te the intended gene from the 

test sample, and then by means of thermal or alkaline denaturatJon the intended gene is dissociated from the 
earner In th.s gene separation method, the procedure to the step of detecting the intended gene contained in 
the test sample is similar to that in the gene detection method mentioned above 

htehlr JISS? ^IH tended 9 !" e * e C " ntor ' *• Carrier * heated * a temperature of 95-C or 

2 oJ^V^T^Z™* "! 10 m 8Jkaline COndItton ^"S for «^P'e sodium hydroxide. By 
this procedure, the intended gene is separated In a form of a single strand 

*nJ™ 9 Th ne ^ m ° btal £! d b CO " Verted to 8 dOUble ■ tend * Resizing a complementary chain using an 
enzyme. The y.eld may be increased by amrtification using an enzyme. Especially by PCR method the vield 

porated via a Inker into a vector, the intended gene can be doned efficiently and easily 

Reference Example 7: Gene detection using latex beads immobilized with nudeic add probe 

a. introduction of amino group into nudeic add probe 

zzsssizs?** * ' «•"•"•" »° « * * * «*• - 

b. ImmobBization of nucleic acid probe to latex beads 

iJ^ZlS^ •1. UC,eiC Pr0t>e W88 immobilized to beads of the particle size of 1 urn using 

Sd at^n a r^o" ofT 8 "i? ? Bnt ^ *"* bead8 imm0bi,i2fid ^ »« ™ deic «* ™ 
heated at 98 C in a solubon of the sample (containing v-myc) to effect thermal denaturatJon followed by hyb- 
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ridization at 72°C for 15 mini *es. Acridine orange solution was added to this solution, which was then allowed 
to stand for 1 minute. After washing at 72°C with washing fluid (2 x SSC, 0.1% SDS), intensity of fluorescent 
light was determined in a phosphate buffer solution. As a result, the gene could be detected in the order of pg. 
Reference Example 8: Gene detection using latex beads immobilized with nucleic acid probe 

a. Introduction of amino group into nucleic acid probe 

(6-aminohexy) dATP was introduced to a carcinogenic gene v-myc at its 3' terminal by using terminal 
deoxynucleotidyl transferase. 

b. Immobflation of nudeic acid probe to latex beads 

A single stranded nucleic acid probe was immobSized to the latex beads having the particle size of 1 nm 
using dicydohexylcarbodilmide as a crosslinking agent The latex beads ImmobDized with the nucleic acid 
probe was heated at 98°C In a solution of the sample (containing v-myc) to effect thermal denaturation followed 
by hybridization at 72°C for 1 5 minutes. Acridine orange solution was added to this solution (final concentration 
of 1 jiM) which was then allowed to stand for 1 minute. Then the oxidation-reduction current of the intercalating 
agent in the solution was determined. As a result, the gene could be detected in the order of pg. 
Reference Example 9: Gene detection using fiter immbdized with nucleic acid probe 
As a nucleic acid probe, a carcinogenic gene v-myc was selected. This v-myc was bound to aminoacridine 
via glutaraldehyde and the further immobBized to PVDF nylon filter by UV irradiation. After immobflization of 
the nucleic acid probe, non-specific adsorption to the fater surface was suppressed by treatment with 1 mg/mf 
ATP solution. 

The sample solution containing v-myc was heated at 98°C to effect the thermal denaturation, followed by 
hybridization with the nudeic acid probe immobilized to the filter surface at 72°C for 15 minute. After reaction, 
the filter was washed at 72°C (2 x SSC, 0.1% SDS) and the change in adsorbance on the surface of the filter 
was determined. 

In the case that the intended gene was present in the sample, reduction in absorbance was observed. As 
a result of the determination, the gene could be detected in the order over 10 pg. 

After the similar treatment, the change in intensity of fluorescent light on the filter surface was also deter- 
mined. As a result, in the cases that the Intended gene was present In the sample. Increase In intensity of 
fluorescent light was observed. As a result of the determination, the gene could be detected in the order over 
10 pg. 

Reference Example 10: Gene detection utiizing sandwich hybridization 

a. Preparation of electrode immobilized with first nudeic add probe 

A synthetic oligonudeotide probe (20 mer) against to the carcinogenic gene v-myc was used as the 
first probe, to which (6-aminohexyi) dATP was introduced at 3' terminal using terminal deoxynudeotidyl 
transferase. 

On the other hand, BPPG electrode was electrolyzed in a solution containing 10% nitric add and 2.5% 
potassium chromate at Z2 V to oxidize the surface. The electrode whose surface had been oxidized was 
then placed in a reftuxed solution of 10% gamma-aminopropyltriethoxysaane in aniline at 120°C for 30 
minutes to effect silane treatment The electrode treated with sflane was washed with methanol and reacted 
in 1 % glutaraldehyde solution for 30 minutes, and then washed again. 

The electrode was reacted in a solution of 1 ng/ml of the first probe to which amino group had been Intro- 
duced at a room temperature for 30 minutes, whereby produdng an electrode immobilized with the first 
nudeic add probe. 

The electrode immoblized with the first nudeic add probe thus obtained was immersed in a solution of 
nudeotides (dATP, dCTP, dGTP and dTTP) so that the nudeotides were adsorbed to the surface of the 
electrode to suppress non-specific adsorption of the sample DNA. 

b. Gene detection using second nudeic acid probe 

A fragment of pVM 623 obtained by inserting v-myc fragment to Pst I site of pUC 119 was digested with 
Hind III. The fragment thus obtained was used as a test sample and Pst I fragment of pUC 119 was used as 
the second probe. The second probe was labeled with vidogen. 

The test sample and the second probe were thermally denaturatod at 98°C. The BPPG electrode immobi- 
lized with the first probe prepared in step a was placed in a solution containing the test sample and the second 
probe, which was then incubated at 70°C to effect annealing. During the annealing, 0.1 V of potential (vs. SCE) 
was applied to the electrode. After annealing, negative potential was applied to the electrode to remove the 
substance binding non-specifically to the electrode. The oxidation-reduction potential of vidogen labeled to the 
second probe was then determined to quantify v-myc contained in the test sample. As a result, v-myc could 
be detected in the order of pg. 

Example 23: Indirect gene detection by RFLP analysis using electrode immobilized with nudeic add probe 

Using an electrode immobilized with the nudeic add probe, the individual identification by DNA fingerprint 
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method was conducted as follows. 

First, leukocytes were separated from human peripheral venous blood by density gradient centrifugation 
and ONA was extracted according to a standard method. Then DNA obtained was digested with a restriction 
enzyme Hae III. 

On the other hand, Myo probe was immobilized to BPPG electrode to prepare an electrode immobilized 
with the nucleic acid probe, which was then fitted to the outlet of the column of high pressure liquid chromato- 
graph (HPLC). By loading the sample to HPLC. DNA including the sequence having homology to the probe 
immobilized to the electrode surface was supported temporarily on the electrode surface to form a double 
strand, to which then the double stranded nucleic add recognizing substance such as an intercalating agent 
was bound, whereby enabling the determination of electrochemical signal from me double stranded riudeic acid 
recognizing substance. The signals obtained exhibit a specific pattern. By analyzing this pattern, the patterning 
of the sample can be conducted. 

By thermally denaturating the fragment of DNA obtained as above at 95°C to obtain a single strand which 
was then subjected to HPLC together with a intercalating agent, acridine orange, to conduct the patterning of 
DNA During chromatography, the column was maintained at 75°C. 

The results obtained indicated the discrete patterns by individuals subjected to the study. Accordingly it 
was dearly indicated that individual identification is possible by the present gene detection method. 

Reference Example 11: Gene separation using electrode immobilized with nudeic add probe 

A . ^^?^ ro fc "" 80ma ' DNA (1 ° M /mf ) E. con strain JM 109 admixed with of 1 ug/mf 

digested pVM 623 (obtained by inserting v-myc to pUC 119) with Hind III was used as an experimental model 
system. The sequence 5'-TGCAGTTCCGGTGGCTGATC-3' in v-myc was used as a probe for detection and 
separation. 

a. Preparation of BPPG electrode immobilized with nudeic acid probe 

o o J«! P -1 G elec,rode was el«*oryzed in a solution of 2.5% potassium chromate and 10% nitric add at 
2.2 V for 10 seconds to oxidize the surface. The electrode was placed in a refluxed solution of 10% ganv 
rra-^noprpyltriethoxy siane in toluene at 120-C for 30 minutes to effect sBane treatment By this treat- 
™nt, amino group was introduced to the electrode surface. Then the electrode was allowed to stand in 
1/15 M phosphate buffer (pH 7.0) containing 1% glutaradldehydefbr 1 hour ata room temperature to Intro- 
duce aldehyde group. The synthetic primer mentioned above was prepared into a solution of 10 ug/rnf in 
10mM phosphate buffer, in which the electrode treated with aldehyde was then placed and allowed to stand 
for 1 hour at a room temperature. In this stop, the primer was immobilized on the electrode surface 

b. Detection of intended gene 

The BPPG electrode ■"mobilized with the nudeic add probe prepared in step a was placed in a solution 
itTESr -1 00 W * n0 6XtraCted from E ' coil JM 109 admixed with of fpjftarf cf pW eS 
~ -h to a linear form by using Hind III and was hybridized at 55-C. An irrtercalating 

w2ltemZ 0,ange ' * ° bt8in *" C ° nC8ntration * 1 MM and then the electrode respond 

^Tn^TJ^Z 3 ^ 10 aWidine ° range Were obtained - Mlortno the formation of the double 

strands on the electrode surface. 

c. Separation of intended gene 

intpn^l^rrLT^^ th6 Mmp,e 80luti0n and heated at in the buffer to dissociate the 
?J2S?J + »*Hiblestrandform • Then 5^TGC^GTTCCGGTGGCTGATC-3' and S^GACTCGGAAGAa! 

tween fte base sequences complementary to the two primers is about 900 bp. The gene amplified bv PCR 
v^subjectedtodectropitores^ 

the separation ofpVM 623 which was Intended to be separated was ooserved, whereby confirming 

in dUC iS^HSHT^ Pr ° C8 ? Ur \ WaS u8in * P UC 118 88 an '"tended gene and the base sequence 
in pUC 118 as a PCR pnmer. and no band was observed at the corresponding position 

stearyZSe deteCti °" ^ immobilzed ™<*«° «* P^be and blocked by 

a. Preparation of electrode immobilized with nudeic acid probe 

aaai JtoTlard^int- T * int ° 8yntnetic °«9°nudeotJde probe (20 mer) 

nn TL T^T™ J* V " myC USing terminaJ °«oxvnudotidyl transferase. 

S^aci Tend SSI rl "I?" * eU "*°» aia at " V 8 ""taining 10% 

?JH ^ t pota88,um chromata ««> oxidize the surface of the electrode. The electrode whose su£ 
ace had been oxidized was then placed in a refluxed solution of 10% gemma^^^ne aT^C 
for 30 minutes to effect silane treatment After the silane-treated dectr^ta^hed £, S 
was reacted in 1% g.utaraidehyde solution for 30 minutes, and mended £aT 
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This electrode was reacted in a solution containing 1 jig/ml of the probe to which amino group had been 
introduced at a room temperature for 30 minutes, whereby producing an electrode immobilized with the 
nucleic acid probe. 

This electrode was immersed In a stearyf amine solution to adsorb stearyamine on the surface of electrode, 

thereby a non-specific adsorption of a sample was suppressed. 

b. Gene detection using electrode immobilized with nudeic acid probe 

As a test sample, pVM 623 obtained by inserting v-myc fragment into Pst I site of pUC 119 was employed. 
Linear pVM 623 was obtained by digesting with Hind III and then was subjected to the thermal denaturation at 
98°C. The BPPG electrode immobiized with the nucleic acid probe produced in step a above was placed in 
the test sample, which was then incubated at 70°C to anneal Subsequently, an Intercalating agent acridine 
orange which binds specifically to the double stranded nucleic acid and has electrode activity was added and 
then the electrode reaction was conducted, during which the oxidation-reduction current generated was deter- 
mined to quantify v-myc contained in the test sample. 

As a result v-myc could be detected in the order of pg. S/N ratio observed was higher than that of the elec- 
trode whose surface was not blocked. 



Claims 

1. A gene detection method wherein a single stranded nucleic acid probe having a base sequence com- 
plementary to the gene to be detected is reacted with a gene sample denatured into a single stranded 
form and then said nucleic acid probe hybridized with the gene is detected to confirm the presence of the 
gene, characterized in that 

1 .' said nucleic acid probe is immobilized onto a carrier sensitive to a physical change; 

a double stranded nucleic acid recognizing substance capable of binding specifically to a double 
stranded nucleic acid and being active physicochemically is added to the reaction system of said nucleic 
acid probe and the gene sample; and, 

the double stranded nucleic acid recognizing substance bound to the double stranded nucleic acid 
formed by conjugation of said nudeic add probe and the gene to be detected is detected by means of 
physical determination using said earner, whereby detecting the presence of said nudeic add probe hyb- 
ridized with the gene to be detected. 

2. A method according to daim 1, wherein said carrier is an electrode and the detection of the gene to be 
detected is performed by means of electrochemical determination using said earner. 

3. A method according to dawn 2, wherein potential is applied to the electrode upon hybridization of the nuc- 
leic add probe immobilized on the surface of the electrode and the gene sample denatured into a single 
stranded form. 

4. A method according to claim 2 f wherein said double stranded nudeic add recognizing substance is an 
intercalating agent 

5. A method according to daim 4, wherein said intercalating agent is a metal complex having as a center 
metal a metal capable of undergoing electrically reversible oxidation-reduction reaction and the oxidation- 
reduction potential of said metal is less than or is not covered by the oxidation-reduction potential of the 
nudeic add. 

6. A method according to claim 2, wherein said double stranded nudeic acid recognizing substance is an 
intercalating agent to which one or more substances generating electric signals which can be detected 
by said electrode directly or indirectly are bound. 

7. A method according to daim 2, wherein said double stranded nudeic acid recognizing substance is a 
biopdymer capable of binding specifically to a double stranded nudeic add. 

8. A method according to daim 2, wherein said nucleic add probe is immobilized onto the electrode through 
an amino group introduced in said nudeic acid probe. 

9. A method according to daim 2 f wherein said nucleic add probe is ImmobDized onto the electrode through 
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a film. 



10. A method according to claim 2. wherein said electrode is further covered with substances selected from 
the group consisting of nucleic acids, surfactants, fatty acids and fats. 

11. A method according to claim 1, wherein said carrier is an optical fiber and the detection of the gene to be 
detected is performed by means of optical determination using said optical fiber. 

12. A method according to daim 1 1 , wherein said double stranded nucleic add recognizing substance is an 
intercalating agent 

13. A method according to claim 1 1, wherein said double stranded nucleic add recognizing substance is a 
biopolymer capable of binding specificatlly to a double stranded nucleic add. 

14. A. method according to daim 1 1 , wherein said optical fiber is an optical fiber electrode and said intercalat- 
ing agent is a metal complex having as a center metal a metal capable of undergoing electrically reversible 
oxio^nHeducbon reaction, the oxidation-reduction potential of said metal being less than or being not 
covered by the oxidatforHeduction potential of the nudeic add. and the detection of the gene to be detec- 
ted rs performed by means of optical determination using said optical fiber electrode. 

15. A method according to daim 1 1 . wherein said double stranded nudeic add recognizing substance is an 
inten^tng agent to which one or more substances generating optical signals which can be detected by 
said optical fiber directly or indirectly are bound. 

■ t 

16. A method according to daim 11. wherein said nudeic add probe is Immobilized onto the optical fiber 
through an amino group introduced in said nudeic add probe. 

17. A method according to claim 1 1. wherein said optical fiber is further covered with substances selected 
form the group consisting of nudeic add. surfactants, fatty adds and fats. 

18. A gene detection device to detect a gene having a certain base sequence comprising- 

sensmeZZS^Z?™ ® **** * onto *» 8urfa " - 8 «■*' 

a transportation means (12) to transport the gene detection sensor (5)- 

iensoISr 9808 nUCleiC 8Cld ""*• ,mmobaiMd on fte surface of the gene 

a temperature control means (3) to control the temperature of the sample solution- 

r* °T™" 9 T 8 ™ W to remove ""reacted gene sample by washing the gene sensor (5) after hyb- 
ridization of the nudeic add probe wtth the gene sample- and 

fitra „H a H d8t !? k,n T*' (9) 10 St0rB a double stranded nudeic acid recognizing substance, the double 
ZSZZEZV reCOfl " iZin9 8Ub8tanCe 6ein9 **" d -^«tranded nudeica* Z£ 

r^nn ^? u ^ *»• stranded nudeic add in order to detect a physical 

change generated by the bound double stranded nudeic add recognizing substance. 

tt« surftL «flT„ the surface of the gene sensor (5) into the nudeic acid probe immobilized on 

!hereD^le„^r «, ^ (5) ** "** flene 8am " e and to re ™ e *• flene sample. 

wnereDy regenerating the gene sensor (5). ^ ' 
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